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FOREWORD 


Users of various civil engineering codes have been feeling the need for explanatory hand- 
books and other compilations based on Indian Standards. The need has been further emphasized 
in view of the publication of the National Building Code of India 1970 and its implementation. 
In 1972, the Department of Science and Technology set up an Expert Group on Housing and 
Construction Technology under the Chairmanship of Maj-Gen Harkirat Singh. This Group 
carried out in-depth studies in various areas of civil engineering and construction practices. 
During the preparation of the Fifth Five Year Plan in 1975, the Group was assigned the task 
of producing a Science and Technology plan for research, development and extension work 
in the sector of housing and construction technology. One of the items of this plan was the 
production of design handbooks, explanatory handbooks and design aids based on the National 
Building Code and various Indian Standards and other activities in the promotion of National 
Building Code. The Expert Group gave high priority to this item and on the recommendation 
of the Department of Science and Technology the Planning Commission approved the follow- 
ing two projects which were assigned to the Indian Standards Institution: 


a) Development programme on Code implementation for building and civil engineering 
construction, and 


b) Typification for industrial buildings. 


A Special Committee for Implementation of Science and Technology Projects (SCIP) 
consisting of experts connected with different aspects ( see page viii) was set up in 1974 to advise 
the ISI Directorate General in identification and for guiding the development of the work under 
the Chairmanship of Maj-Gen Harkirat Singh, Retired Engineer-in-Chief, Army Headquarters 
and formerly Adviser ( Construction) Planning Commission, Government of India, The 
Committee has so far identified subjects for several explanatory handbooks/compilations 
covering appropriate Indian Standards/Codes/Specifications which include the following: 


Functional Requirements of Buildings 

Functional Requirements of Industrial Buildings 

Summaries of Indian Standards for Building Materials 

Building Construction Practices 

Foundation of Buildings 

Pp Handbook on Earthquake Resistant Design and Construction (IS : 1893 
I . 


Design Aids for Reinforced Concrete to IS : 456-1978 
Explanatory Handbook on Masonry Code 
Commentary on Concrete Code (IS : 456) 
Concrete Mixes 

Concrete Reinforcement 

Form Work 

Timber Engineering 

Steel Code (IS : 800) 

Loading Code 

Fire Safety 

Prefabrication 

Tall Buildings 

Design of Industrial Steel Structures 
Inspection of Different Items of Building Work 
Bulk Storage Structures in Steel 

Bulk Storage Structures in Concrete 

Liquid Retaining Structures 


Construction Safety Practices 
Commentaries on Finalized Building Bye-laws 
Concrete Industrial Structures 


One of the explanatory handbooks identified is on IS : 456-1978 Code of practice for 
plain and reinforced concrete ( third revision). This explanatory handbook which is under 
preparation would cover the basis/source of each clause; the interpretation of the clause and 
worked out examples to illustrate the application of the clauses. However, it was felt that some 
design aids would be of help in designing as a supplement to the explanatory handbook. The 
objective of these design aids is to reduce design time in the use of certain clauses in the Code 
for the design of beams, slabs and columns in general building structures. 


For the preparation of the design aids a detailed examination of the following handbooks 
was made : 


a) CP: 110 : Part 2: 1972 Code of practice for the structural use of concrete : Part 2 


Design charts for singly reinforced beams, doubly reinforced beams and rectangular 
columns. British Standards Institution. 


b) ACI Publication SP-17(73) Design Handbook in accordance with the strength design 


methods of ACI 318-71, Volume 1 (Second Edition). 1973. American Concrete 
Institute. 


с) Reynolds (Charles E) and Steadman (James С). Reinforced Concrete Designer’s 
Handbook. 1974. Ed. 8. Cement and Concrete Association, UK. 


d) Fintel ( Mark), Ed. Handbook on Concrete Engineering. 1974. Published by Van 
Nostrand Reinhold Company, New York. 


The charts and tables included in the design aids were selected after consultation with 
some users of the Code in India. 


The design aids cover the following: 


a) Material Strength and Stress-Strain Relationships; 

b) Flexural Members ( Limit State Design ); 

c) Compression Members ( Limit State Design ); 

d) Shear and Torsion ( Limit State Design ); 

e) Development Length and Anchorage ( Limit State Design ); 
f) Working Stress Method; 

g) Deflection Calculation; and 

h) General Tables. 


The fotmat of these design aids is as follows: 


a) Assumptions regarding material strength; 


b) Explanation of the basis of preparation of individual sets of design aids as related 
to the appropriate clauses in the Code; and 


c) Worked example illustrating the use of the design aids. 


Some impurtant points to be noted in the use of the design aids are: 


a) The design units are entirely in SI units as per the provisions of IS : 456-1978. 

b) It is assumed that the user is well acquainted with the provisions of IS : 456-1978 
before using these design aids. 

c) Notations as per IS : 456-1978 are maintained here as far as possible. 

d) Wherever the word ‘Code’ is used in this book, it refers to IS : 456-1978 Code of 
practice for plain and reinforced concrete ( third revision ). 


e) Both charts and tables are given for flexural members. The charts can be used con- 
veniently for preliminary design and for final design where greater accuracy is needed, 
tables may be used. 


f) Design of columns is based on uniform distribution of steel on two faces or on four 
faces. 

g) Charts and tables for flexural members do not take into consideration crack control 
and are meant for strength calculations only. Detailing rules given in the Code should 
be followed for crack control. | 

h) If the steel being used in the design has a strength which is slightly different from the 
one used in the Charts and Tables, the Chart or Table for the nearest value may be 
used and area of reinforcement thus obtained modified in proportion to the ratio of 
the strength of steels. 

j) In most of the charts and tables, colour identification is given on the right/left-hand 
corner along with other salient values to indicate the type of steel; in other charts/ 
tables salient values have been given. | 


These design aids have been prepared on the basis of work done by Shri Р. Padmanabhan, 
Officer on Special Duty, ISI. Shri B.R. Narayanappa, Assistant Director, ISI was also 
associated with the work. The draft Handbook was circulated for review to Central Public 
Works Department, New Delhi; Cement Research Institute of India, New Delhi; Metallurgical 
and Engineering Consultants (India) Limited, Ranchi, Central Building Research Institute, 
Roorkee; Structural Engineering Research Centre, Madras; M/s С. К. Narayana Rao, Madras; 
and Shri K. K. Nambiar, Madras and the views received have been taken into consideration 
while finalizing the Design Aids. 
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diameter of column or larger 
dimension in a rectangular 
column or dimension of a 


rectangular column іп the. 


direction of bending 
Dr == Thickness of flange in a T-beam 
4 == Effective depth of a beam or slab 


d'd' = distance of centroid of com- 
pression reinforcement from 
the extreme compression fibre 
of the concrete section 


d, == Centre to centre distance between 
corner bars in the direction of 
depth 

Е = Modulus of elasticity of concrete 

E, == Modulus of elasticity of steel 

Can = Eccentricity with respect to major 
axis (xx-axis) 

Cay = Eccentricity with respect to 


minor axis (yy-axis) 
emin == Minimum eccentricity 


f< == Compressive stress in concrete at 
the level of centroid of 
compression reinforcement 


Ser = Characteristic compressive 
strength of concretc 


Де = Flexural tensile strength 
(modulus of rupture) of 
concrete 

Л == Stress in steel 

p == Compressive stress іп steel 


corresponding to a strain of 


fa = Stress in the reinforcement 
nearest to the tension face of a 
member subjected to combined 
axial load and bending 


f; == Characteristic yield strength of 
steel 


Ла из Design yield strength of steel 
Лат == Effective moment of inertia 


Ie: == Moment of inertia of the gross 
section about centroidal axis, 
neglecting reinforcement 


[A — Moment of inertia of cracked 
section ` 

Ko = Flexural stiffness of beam 

Кс = Flexural stiffness of column 

k =: Constant or coefficient or factor 

La == Development length of bar 

1 = Length of column or span of 
beam 

lá = Effective length of a column, 
bending about xx-axis 

ley = Effective length of a column, 
bending about yy-axis 

M == Maximum moment under service 
loads 

M; = Cracking moment 

M. = Design moment for limit state 


Design (factored moment) 


Монт = Limiting moment of resistance of 
asingly reinforced rectangular 


beam 
Mw = Design moment about xx-axis 
Muy = Design moment about yy-axis 
М = Maximum uniaxial moment 


capacity of the section with 
axial load, bending about 
хх-ах1$ 


хуй 


Muy, = Maximum uniaxial moment 
capacity of the section with 
axial load, bending about 
yy-axis 

Me, = Equivalent bending moment 

Ma = Additional moment, Mu — Matin 

in doubly reinforced beams 

Mu,\imst= Limiting moment of resistance 

of a T-beam 


m = Modular ratio 
P = Axial load 


Рь = Axial load corresponding to the 
condition of maximum 
compressive strain of 0:003 5 in 
concrete and 0:002 in the 
outermost layer of tension 
steel in a compression member 


Py = Design axial load for limit state 
design (factored load) 
Р == Percentage of reinforcement 


Pc = Percentage of compression 
reinforcement, 100 A,</bd 

Pr = Percentage of tension reinforce- 
ment, 100 A, /bd 

Ра = Additional percentage of tensile 


reinforcement in doubly 
reinforced beams, 100 A,:./bd 


Sy = Spacing of stirrups 

Tu == Torsional moment due to 
factored loads 

y = Shear force 


V, w= Strength of shear reinforcement 
(working stress design) 


Va == Shear force due to factored loads 


Va = Stren of shear reinforcement 
imit state design) 


x = Depth of neutral axis at service 
loads 


xviii 


Xi = Shorter dimension of the stirrup 


Xu — Depth of neutral axis at the 
limit state of collapse 


Xumax = Maximum depth of neutral axis 
in limit state design 


у = Distance from centroidal axis 
of gross section, neglecting 
reinforcement, to extreme fibre 
in tension 


у == Longer dimension of stirrup 
Z = Lever arm 
а = Angle 


Yt == Partial safety factor for load 


Ym = Partial safety factor for material 
strength 


сс = Creep strain in concrete 


Occ а Permissible stress in concrete in 
bending compression 


Occ — Permissible stress in concrete in 
direct compression 

СА == Stress in steel bar 

бк == Permissible stress in steel іп 
compression 

би = Permissible stress in steel in 
tension 

буу =a Permissible stress іп shear 
reinforcement 


Tv == Nominal shear stress 
хм == Design bond stress 

Te = Shear stress in concrete 
Tve == Equivalent shear stress 


‘eymax = Maximum shear stress in concrete 
with shear reinforcement 


8 =з Creep coefficient 
ф == Diameter of bar 


CONVERSION FACTORS 


Conversely 
To Convert into Multiply by M 
y 
(D (2) (3) (4) 
Loads and Forces 
Newton kilogram 0:102 0 9:807 
Kilonewton Tonne 0:102 0 9°807 
Moments and Torques 
Newton metre kilogram metre 0:102 0 9:807 
Kilonewton metre Tonne metre 0:102 0 9.807 
Stresses 
Newton рег mm* kilogram рег mm? 0:102 0 9-807 
Newton per mm? kilogram per cm? 10:20 0:0981 


xix 
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1. MATERIAL STRENGTHS AND 
STRESS-STRAIN RELATIONSHIPS 


1.1 GRADES OF CONCRETE 


The following six grades of concrete can 
be used for reinforced concrete work as 
specified in Table 2 of the Code (IS : 456- 
1978*): 


M 15, M 20, M 25, M 30, M 35 and M 40. 


The number in the grade designation refers 
to the characteristic compressive strength, 
fa of 15 cm cubes at 28 days, expressed іп 
N/mm?; the Characteristic strength being 
defined as the strength below which not 
more than 5 percent of the test results are 
expected to fall. 


"Code of practice for plain and reinforced concrete 
(third revision ). 


Type of Steel 


Indian Standard 


14.1 Generally, Grades М 15 and М 20 are 
used for flexural members. Charts for flexural 
members and tables for slabs are, therefore, 
given for these two grades only. However, 
tables for design of flexural members are 
given for Grades M 15, M 20, M 25 and M 30. 


1.1.2 The charts for compression members 
are applicable to all grades of concrete. 


12 TYPES AND GRADES OF 
REINFORCEMENT BARS 


The types of steel permitted for use as re- 
inforcement bars in 4.6 of the Code and their 
characteristic strengths (specified minimum 
yield stress or 0:2 percent proof stress) 
are as follows: 


Yield Stress or 0:2 Percent 


Proof Stress 
Mild steel (plain bars) IS : 432 (Part I)-1966* | 26 kgf/mm? for bars up to 
У 20 mm dia 
Mild steel (hot-rolled deform- IS : 1139-19661 | 24 kgf/mm? for bars over 
ed bars) J 20 mm dia 
Medium tensile steel (plain IS : 432 (Part 1)-1966%7 36 kgf/mm? for bars up to 
bars) 20 mm dia 
34:5 kgf/mm? for bars over 
Medium tensile steel (hot- IS : 1139-19661 


rolled deformed bars) 


20 mm dia up to 40 mm 
dia 


| 
| 33 kgf/mm* for bars over 
J 40 mm dia 


High yield strength steel (hot- IS : 1139-1966f 42'5 kgf/mm? for all sizes 
rolled deformed bars) 

High yield strength steel IS : 1786-19791 q 415 N/mm? for all bar sizes 
(cold-twisted deformed > 500 N/mm? for all bar sizes 
bars) J 

Hard-drawn steel wire fabric IS : 1566-1967§ and 49 kgf/mm? 


IS : 432 (Part П)-1966) 
Note—SI units һауе been used in IS: 1786-1979$; in other Indian Standards, SI units will be adopted 


in their next revisions. 


*Specification for mild steel and medium tensile steel bars and hard-drawn steel wire for concrete 
reinforcement: Part I Mild steel and medium tensile steel bars (second revision). 


tSpecification for hot rolled mild steel, medium tensile steel and high yield strength stee! deformed 


bars for concrete reinforcement (revised). 


tSpecification for cold-worked steel high strength deformed bars for concrete reinforcement (second 


revision). 


§Specification for hard-drawn steel wire fabric for concrete reinforcement ( first revision ). 


‘Specification for mild steel 


and medium tensile steel 


bars and hard-drawn steel wire for 


concrete reinforcement: Part II Hard drawn steel wire (second revision). 


———À———————————— 
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Taking the above values into consideration, 
most of the charts and tables have been 
prepared for three grades of steel having 
characteristic strength fy equal to 250 N/mm?, 
415 N/mm? and 500 N/mm*. 


1.2.1 If the steel being used in a design has 
a strength which is slightly different from the 
above values, the chart or table for the nearest 
value may be used and the area of.-reinforce- 
ment thus obtained be modified in proportion 
to the ratio of the strengths. 


1.2.2 Five values of f, (includingithe value 
for hard-drawn steel wire fabric) have been 
included in the tables for singly reinforced 
sections. 


13 STRESS-STRAIN RELATIONSHIP 
FOR CONCRETE 


The Code permits the use of any appro- 
. priate curve for the relationship between the 
compressive stress and strain distribution 
in concrete, subject to the condition that it 
results in the prediction of strength in subs- 
tantial agreement with test results [37.1(c) 
of the Code] An acceptable stress-strain 
curve (see Fig. Г) given in Fig. 20 of the Code 
will form the basis for the design aids in this 
publication. The compressive strength of con- 
crete in the structure is assumed to be 0:67 fa. 
With a value of 1°5 for the partial safety 
factor ym for material strength (35.4.2.1 of 
the Code), the maximum compressive stress 
in concrete for design purpose is 0446 fx 
(see Fig. 1). 


1.4 STRESS-STRAIN 
FOR STEEL 


RELATIONSHIP 


The modulus of elasticity of steel, Eg, is 
taken as 200 000 N/mm? (4.6.2 of the Code). 
This value is applicable to all types of 
reinforcing steels. 


The design yield stress (or 0:2 percent proof 
stress) of steel is equal to fy/ym. With a value 
of 1:15 for ym (35.4.2.1 of the Code), the 
design yield stress fyg becomes 0:87 fy. The 
stress-strain relationship for steel in tension 
and compression is assumed to be the same. 


For mild steel, the stress is proportional 
to strain up to yield point and thereafter the 
strain increases at constant stress (see Fig. 2). 
For cold-worked bars, the stress-strain 
relationship given in Fig. 22 of the Code will 
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PARABOLIC CURVE 


STRESS 


° 0-002 
STRAIN 


9.0035 


DESIGN STRESS-STRAIN CURVE FOR 
CONCRETE 


STRESS 


Е, • 200000 N/mm’ 


STRAIN 
Fic. 2 STRESS-STRAIN CURVE FOR MILD STEEL 


be adopted. According to this, the stress 
is proportional to strain up to a stress of 
0°8 fy. Thereafter, the stress-strain curve is 
defined as given below: { 


Stress Inelastic strain 
0:80 f, Nil 
0:85 f; 0:000 1 
0:90 f, 0:000 3 
0:95 f, 0:000 7 
0:975 f, 0:001 0 
107, 0:002 0 


The stress-strain curve for design purposes is 
obtained by substituting fya for f, in the 
above. For two grades of cold-worked bars 
with 0:2 percent proof stress values of 
415 N/mm? and 500 N/mm? respectively, 
the values of total strains and design stresses 
corresponding to the points defined above 
are given in Table A (see page 6). The stress- 
strain curves for these two grades of cold- 
worked bars have been plotted in Fig. 3. 
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TABLE A SALIENT POINTS ON THE DESIGN STRESS-STRAIN CURVE FOR 
COLD-WORKED BARS 


( Clavse 1.4 ) 


STRESS LEVEL Ју = 415 N/mm? fy = 500 N/mm? 

(Se چ‎ a 5 

Strain Stress Strain Stress 

(1) (2) (3) (4) (5) 
N/mm? N/mm? 

0:80 Луч 0:001 44 288:7 0:001 74 347:8 

0:85 fya 0:001 63 306:7 0:001 95 369:6 

0:90 fya 0:001 92 324:8 0:002 26 391°3 

0:95 fya 0:002 41 342-8 0:002 77 413-0 

0:975 fya 0:002 76 351°8 0:003 12 423:9 

10 fyd ` 0:003 80 360:9 90:004 17 43458 


Коте -- Linear interpolation may be done for intermediate values. 
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2. FLEXURAL MEMBERS 


2.1 ASSUMPTIONS 


The basic assumptions in the design of 
flexural members for the limit state of col- 
lapse are given below (see 37.1 of the Code): 


a) Plane sections normal to the axis of 
the member remain plane after bending. 
This means that the strain at any point 
on the cross section is directly propor- 
tional to the distance from the neutral 
axis. 

b) The maximum strain in concrete at 
the outermost compression fibre is 
0:003 5. 


c) The design stress-strain relationship 
tor ooo is taken as indicated in 
ig. 1. 


d) The tensile strength of concrete is 
ignored. 

e). The design stresses in reinforcement 
are derived from the strains using 

the stress-strain relationships given -in 

Fig. 2 and 3. 


f) The strain in the tension reinforcement 
is to be not less than 


0:87 f, 
0002. 
~p +000 


This assumption is intended to ensure 
ductile failüre, that is, the tensile 
reinforcement has to undergo a certain 
degree of inelastic deformation before 
the concrete fails in compression. 


2.2 MAXIMUM DEPTH OF NEUTRAL 
AXIS 


Assumptions (b) and (f) govern the maximum 
depth of neutral axis in flexural members. 
The strain distribution across a member 
corresponding to those limiting conditions 
is shown in Fig. 4. The maximum depth of 
neutral axis Xu, max is obtained directly from 
the strain diagram by considering similar 
triangles. 
Халал _ 0:003 5 
d (0:005 5 + 0:87 fy/ E.) 


The values of -== for three grades of 


reinforcing steel are given in Table B. 


TABLEB VALUES OF 


Хозтах 
д 


FOR 
DIFFERENT GRADES OF STEEL 


(Clause 2.2) 
fy, N/mm* 250 415 500 
mmt 0:531 0-479 0-456 


2.3 RECTANGULAR SECTIONS 


The compressive stress block for concrete 
is represented by the design stress-strain 
curve as in Fig. 1. It is seen from this stress 
block (see Fig. 4) that the centroid of com- 
pressive force in a rectangular section lies 


b 
0-0035 0-446 fey 
۰41 
Meas 0.416 Xu, mar 
| _ 1 
d | M 
TIN dus 0-87 f, 
$ 
STRESS 
STRAIN DIAGRAM 
DIAGRAM 
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FLEXURAL MEMBERS 


at a distance of 0°416 ха (which has been 
rounded off to 0°42 xu in the code) from the 
extreme compression fibre; and the total force 
of compression is 0°36 Ху bxu. The lever arm, 
that is, the distance between the centroid 
of compressive force and centroid of tensile 
force is equal to (d — 0:416 хо). Hence the 
upper limit for the moment of resistance of a 
singly reinforced rectangular section is given 
by the following equation: 
Majin = 0:36 fox bXu,max 
x (d — 0:416 Xu,max) 

Substituting for Xuma. from Table B and 
transposing fa bd, we get the values of 
(ae limiting moment of resistance factors for 
singly reinforced rectangular beams and 
slabs, These values are given in Table C. 
The tensile reinforcement percentage, Pt,lim 
corresponding to the limiting moment of 
resistance is obtained by equating the forces 
of tension and compression. 


„Рага Бе OUM. = 0°36 fax bxumax 


Substituting for xu,max from Table B, we get 
` the values of рыш М/с as given in Table C. 


TABLE C LIMITING MOMENT OF 
RESISTANCE AND REINFORCEMENT INDEX 
FOR SINGLY REINFORCED RECTANGULAR 


SECTIONS 
(Clause 2.3) 
fy, Nimm? 250 415 500 
Manim _ 0149 1138 0133 
Дх bd? 
Polim Л 21:97 19:82 18:87 
Лк 


The values of the limiting moment of resis- 
tance factor M,/bd? for different grades of 
concrete and steel are given in Table D. The 
corresponding percentages of reinforcements 
are given in Table E. These are the maximum 
permissible percentages for singly reinforced 
sections. 


TABLE D LIMITING MOMENT OF 
RESISTANCE FACTOR М, ш/а, N/mm! FOR 


SINGLY REINFORCED RECTANGULAR 


SECTIONS 

(Clause 2.3) 
Sex, fj», Nimm? 
N/mm? ec OO ج‎ 

250 415 500 

15 2:24 2:07 2:00 
20 2:98 2°76 2°66 
25 3°73 3°45 3:33 
30 4:47 4:14 3:99 
10 


TABLE E MAXIMUM PERCENTAGE OF 
TENSILE REINFORCEMENT рњ FOR 


SINGLY REINFORCED RECTANGULAR 
SECTIONS 


(Clause 2.3) 

Жо Л, N/ пут? 
N/mm? س‎ ə> ə>—ho>Ü> 

250 415 500 
15 1:32 0:72 0:57 
20 1:76 0:96 0:76 
25 2:20 1:19 0-94 
30 2:64 1-43 113 


2.3.1 Under-Reinforced Sections 


Under-reinforced section means а singly 
reinforced section with reinforcement рег- 
centage not exceeding the appropriate value 
given in Table E. For such sections, the 
depth of neutral axis xu will be smaller than 
Xu,max. The strain in steel at the limit state 
of collapse will, therefore, be more than 


oer - 0:002 and, the design stress іп 


а 
steel will be 0°87 fy. The depth of neutral 
axis is obtained by equating the forces of 
tension and compression. 


Be bd (0.87 fy) = 0:36 fax b xa 


100 
жр ( Pe 0:87 f, 
d ^ (00) 0°36 fa 


The moment of resistance of the section is 
equal to the product of the tensile force 
and the lever arm. 


Mim an (0:87 f) (d ~ 0:416 x) 


= 037 fy (55) (- 0-416 A pe 


Xu 


T we get 
M. = 0:87 f, (55) 


— Í ty ( Pt а 

х Е г005 -Р- 55) ва 

2.3.1.1 Charts 1 to 18 have been prepared 
by assigning different values to М./Ь and 
plotting d versus p. The moment values in 
the charts are in units of kN.m per metre 
width. Charts are given for three grades of 
steel and. two grades of concrete, namely 
M 15 and M 20, which are most commonly 
used for flexural members. Tables 1 to 4 
cover a wider range, that is, five values of 
f, and four grades of concrete up to М 30. 
In these tables, the values of percentage of 


reinforcement p, have been tabulated against 
Mujbd*. 


Substituting for 
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2.3.1.2 The moment of resistance of slabs, 
with bars of different diameters and spacings 
are given in Tables 5 to 44. Tables are given 
for concrete grades M 15 and M 20, with 
two grades of steel. Ten different thicknesses 
ranging from 10 cm to 25 cm, are included. 
These tables take into account 25.5.2.2 
of the Code, that is, the maximum bar 
diameter does not exceed one-eighth the thick- 
ness of the slab. Clear cover for reinforce- 
ment has been taken as 15 mm or the bar 
diameter, whichever is greater [see 25.4.1(d) 
of the Code]. In these tables, the zeros at 
the top right hand corner indicate the region 
where the reinforcement percentage would 
exceed pum; and the zeros at the lower 
left hand corner indicate the region where 
the reinforcement is less than the minimum 
according to 25.5.2.1 of the Code. 


Example 1 Singly Reinforced Beam 


Determine the main tension reiniorcement 
required for a rectangular beam section 
with the following data: 


Size of beam 30 x 60 cm 

Concrete mix M 15 

Characteristic strength 415 N/mm? 
of reinforcement 

*Factored moment 170 kN.m 


“Assuming 25 mm dia bars with 25 mm 
clear cover, 
Effective depth = 60 — 2°5 2 56:25 cm 


2 
From Table D, for f, «= 415 N/mm? and 
Дж = 15 N/mm’? 


Мой = 2:07 N/mm? 
2:07 1 
ле 000 x (1000) 
= 2:07 x 10° kN/m* 
= 2-07 x 10°bd | 
30 1562548 
= 2-07 x 103 x 20 x (500) 


= 196:5 kN.m 


Actual moment of 170 kN.m is less than 
Mom. The section is therefore to be designed 
as a singly reinforced — (under-reinforced) 
rectangular section. 


METHOD ОР REFERRING TO FLEXURE CHART 


For referring to Chart, we need the value of 
moment per metre width. 


Mlb = 179 =567 KN.m per metre width. 


ae М, tijm 


*Тһе term ‘factored moment’ means the moment 
due to characteristic loads multiplied by the appro- 
priate value of partial safety factor Yr. 


FLEXURAL MEMBERS 


Referring to Chart 6, corresponding to 
M.Jb = 567 kN.m and d = 56:25 cm, 


100A, : 
MT 0-6 


0:6 bd — 06x30x 5625 
100 100 


\ 
METHOD OF REFERRING TO TABLES 


Percentage of steel р, = 


duram == 10-1 cm? 


For referring to Tables, we need the value 


Ма. 104 | 
раї 30х 56:25 х 56:25 х 10% 
= 1:79 N/mm? 
From Table 1, 
Percentage of reinforcement, р; = 0:594 


ere ы РОВЕР 


Example 2 Slab 


Determine the main reinforcement ге- 
quired for a slab with the following data: 


Factored moment 9:60 kN.m 
per metre 
width 

Depth of slab 10 cm 

Concrete mix М 15 

Characteristic strength a) 415 N/mm? 

of reinforcement b) 250 N/mm? 


METHOD OF REFERRING TO TABLES FOR SLABS 


Referring to Table 15 (for f, = 415 N/mm*), 
directly we get the following reinforcement 
for a moment of resistance of 9:6 kN.m 
per metre width: 

8 mm dia at 13 cm spacing 
or 10 mm dia at 20 cm spacing 


Reinforcement given in the tables is based 
on a cover of 15 mm or bar diameter which- 
ever is greater. 


METHOD OF REFERRING TO FLEXURE CHART 


Assume 10 mm dia bars with 15 mm cover, 


de 10 15 - 10... 8 cm 
a) For fy == 415 N/mm? 
From Table D, Mu,jis/bd* = 2:07 N/mm? 
* Maim = 207 x 103 x 100 x (ÈY 
.. оца 100 100 
= 1325 kN.m 


Actual bending moment of 9:60 kN.m is less 
than the limiting bending moment. 
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Referring to Chart 4, reinforcement per- 
centage, р: = 0'475 
Referring to Chart 90, provide 
8 mm dia at 13 cm spacing 
or 10 mm dia at 20 cm spacing. 


Alternately, 
As = 0:475 x 100 


metre width. 
From Table 96, we get the same reinforce- 
ment as before. 


b) For f, = 250 N/mm? 
From Table D, Mu,jim/bd? = 2:24 N/mm? 


8 2 
Mom = 2:24 х 103 x 1 <(%) 


100 
== 14:336 КМ.т 


Actual bending moment of 9:6 kN.m is less 
than the limiting bending moment. 
Referring to Chart 1, reinforcement per- 
centage, р. = 0:78 

Referring to Chart 90, provide 10 mm dia 
at 13 cm spacing. 


2.3.2 Doubly Reinforced Sections — Doubly 
reinforced sections are generally adopted 
when the dimensions of the beam have been 
predetermined from other considerations 
and the design moment exceeds the moment 
of resistance of a singly reinforced section. 
The additional moment of resistance needed 
is obtained by providing compression ге- 
inforcement and additional tensile reinforce- 
ment. The moment of resistance of a doubly 
reinforced section is thus the sum of the 
limiting moment of resistance Маш of a 
singly reinforced section and the additional 
moment of resistance Mus. Given the values 
of My which is greater than Mu,1im, the value 
of Mu, сап be calculated. 


Му» = Мұ = Muslim 


х 8. 3-8 ст? 


100 рег 


0:87 f, 


The lever arm for the additional moment of 
resistance is equal to the distance between 
centroids of tension reinforcement and com- 
pression reinforcement, that is (d—d’) where 
4' is the distance from the extreme compres- 
sion fibre to the centroid of compression 
reinforcement. Therefore, considering the 
moment of resistance due to the additional 
tensile reinforcement and the compression 
reinforcement we get the following: 


Ma, = Ану (0°87 fy) (d — 4) 
also, Mu; = Ак (fie — fæ) (d — а) 


where 
As2 is the area of additional tensile rein- 
orcement, 
Ак is the area of compression reinforce- 
ment, 
Де is the stress in compression reinforce- 
ment, and 
Ле is the compressive stress in concrete at 
the level of the centroid of compres- 
sion reinforcement. 


Since the additional tensile force is balanced 
by the additional compressive force, 


Ак (fic — foc) = Aste (0°87 fy) 
Any two of the above three equations may 
be used for finding Ано» and Ак. The total 
tensile reinforcement As: is given by, 


ka + Аз» 

It will be noticed that we need the values of 
Де and fee before we can calculate Ах. 
The approach given here is meant for design 
of sections and not for analysing a given 
section. The depth of neutral axis is, therefore, 
taken as equal to Xu,max. As shown in Fig. 5, 
strain at the level of the compression reinforce- 


ment will be equal to 0:003 5 (1- 4 ) 
Xu ymax 


Ast = Pt ща 


» 0.002 


STRAIN DIAGRAM 
Fic. 5 DouBLY REINFORCED SECTION 
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For values of d'/d up to 0:2, fee is equal to 
0:446 fa; and for mild steel reinforcement 
Үс would be equal to the design yield stress 
of 0:87 f,. When the reinforcement is cold- 
worked bars, the design stress in compression 
reinforcement fs for different values of 
d’/d up to 0:2 will be as given in Table F. 


TABLE F STRESS IN COMPRESSION 
REINFORCEMENT Де, N/mm! IN DOUBLY 
REINFORCED BEAMS WITH COLD- 
WORKED BARS 


(Clause 2.3 2) 
f, d'ld 
N/mm! ^ 
0:05 0:10 0:15 0:20 
415 355 353 342 329 
500 424 412 395 370 


2.3.2.1 Ауа has been plotted against (d - d') 
for different values of Ma, in Charts 19 and 
20. These charts have been prepared for 
А = 217:5 N/mm? and it is directly appli- 
cable. for mild steel reinforcement with yield 
stress of 250 N/mm*. Values of Ast for other 
grades of steel and also the values of Asc can 
be obtained by multiplying the value read 
from the chart by the factors given in Table G. 
The multiplying factors for As, given in 
this Table, are based on a value of fcc corres- 
ponding to concrete grade M 20, but it can 
be used for all grades of concrete with little 
error. 


TABLE G MULTIPLYING FACTORS FOR 
USE WITH CHARTS 19 AND 20 


Clause 2.3.2.1) 
fy FACTOR FACTOR FOR А FOR d'/d 
N/mm* FOR E EE m 
Жа 005 010 015 020 
250 1:00 1:04 1:04 1:04 1:04 
415 0:60 0:63 0:63 0:65 0:68 
500 0:50 0:52 0:54 0:56 0:60 


2.3.2.2 The expression for the moment of 
resistance of a doubly reinforced section may 
also be written in the following manner: 


Mex Matin + рада (0:87 f) (d-d) 


Му Маша Pre = d' 

Б = ъф + 1000 877) (1- 4) 
where 
Ре is the additional percentage of tensile 
reinforcement. 

Pt = Poulin + Pre 

0°87 5] 

fs fee 
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Ре = р 


The values of р; and р, for four values of 
414 up to 0:2 have been tabulated against 
M,/bd? in Tables 45 to 56. Tables are given 
for three grades of steel and four grades 
of concrete. 


Example 3 Doubly Reinforced Beam 


Determine the main reinforcements re- 
quired for a rectangular beam section with 
the following data: 


Size of beam 30 x 60cm 

Concrete mix M 15 

Characteristic strength of 415 N/mm? 
reinforcement 

Factored moment 320 kN.m 


Assuming 25 mm dia bars with 25 mm 
clear cover, 
2:3 


d = 60 - 2:5 — x = 56'25 cm 


From Table D, for f, = 415 N/mmš and 
Su = 15 N/mm? 
Mayim/bd* =2°07 N/mm? = 2:07 x 103 kN/m? 
`. Мъни =2'07 x 10? bd? 
30 5625 


=? м 
2:07 x10 х 106 Х 109 * 


= [96:5 kN.m 
Actual moment of 320 kN.m is greater 
than М. 


The section is to be designed as a doubly 
reinforced section. 


5625 
100 


Reinforcement from Tables 


Ma | 320 | 
bd? 0"3 xX (0562 5y x i9 7 3 37 N/mm? 
40 (25125. 2 


Next higher value of 44 = 0:1 will be used 
for referring to Tables. 


Referring to Table 49 corresponding to 
Мади = 337 and & = 0:1, 
Рр: = 1117, ре = 0:418 
Ast = 18:85 cm?, Ак = 7:05 cm? 


REINFORCEMENT FROM CHARTS 

(d—d’) = (5625 — 3°75) = 52:5 cm 

Mug = (320 — 196:5) = 123:5 kN.m 
Chart is given only for f, = 250 N/mm; 


therefore use Chart 20 and modification 
factors according to Table G. 


Referring to Chart 20, 
Ast, (for f, = 250 N/mm?) = 10:7 cm? 
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Using modification factors given in Table G 
for f, = 415 N/mm!, 

Ang == 10:77 X 0:60 == 6-42 cm? 

Ag = 10-7 х 0:63 = 6:74 cm 
Referring to Table E, 

руйт Ж 0:72 sra... з 

Ам” = 0:72 x 2952 шы 12:15 cmt 

Ast = 12°15 + 6:42 = 18:57 cm? 


These values of Ам and As are comparable 
to the values obtained from the table. 


24 T-SECTIONS 

The moment of resistance of a T- beam can 
be considered as the sum of the moment of 
resistance of the concrete in the web of width 
bw and the contribution due to flanges of 
width br. 


The maximum moment of resistance is ob- 
‚ tained when the depth of neutral axis is Xu,mex. 
When the thickness of flange is small, 
that is, less than about 0-2 d, the stress in the 
flange will be uniform or nearly uniform 
(see Fig. 6) and the centroid of the compres- 


eive force in the flance can he taken at D-/? 


from the extreme compression fibre. There- 
fore, the following expression is obtained for 
the limiting moment of resistance of T-beams 
with small values of De/d. 


Молкът = Muylin,web Ч 0°446 fok 
x (beb) Dr ( - X) 


2 
where Мон ив 
220:36 fek БиХ шах (d—0°416 Xu,max). 
The equation given in E-2.2 of the Code is the 
same as above, with the numericals rounded 
off to two decimals. When the flange thick-. 


ness is greater than about 0:2 d, the above 
expression is not correct because the stress 


distribution in the flange would not be uni- 
form. The expression given in £-2.2./ of the 
Code is an approximation which makes allo- 
wance for the variation of stress in the flange. 
This expression is obtained by substituting 
ye for De in the equation of E-2.2 of the Code; 
yr being equal to (0:15 Xama + 0°65 Dr) 
but not greater than Dr. With this modifica- 
tion, 


Мат == Мане + 0446 Лу 
х-н (4 — % ) 
Dividing both sides by fx bw 4%, 


Martins Molmw 4g. 
Tabs d ыт [CM 


where 
Jt : Xusmax ; De 
g=’ 15 + 0°65 4 
Jf e D 
but d < а 


Using the above expression, the values 
of the moment of resistance factor 
Моли» bwd? for different values of be/bw 


n. h 4 
апа га nave ocen worxca ош and given 1n 


Tables 57 to 59 for three grades of steel. 


2.5 CONTROL OF DEFLECTION 


2.5.1 The deflection of beams and slabs 
would generally be within permissible limits 
if the ratio of span to effective depth of the 
member does not exceed the values obtained 
їп accordance with 22.2.1 of the Code. The 
following basic values of span to effective 
depth are given: 


Simply supported 20 

Continuous 26 

Cantilever 7 
0-446 fek 


STRAIN DIAGRAM STRESS DIAGRAM 


Fic. 6 T-SECTION 
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Further modifying factors are given іп 
order to account for the effects of grade and 
percentage of tension reinforcement and 
percentage of compression reinforcement. 


2.5.2 In normal designs where the reinforce- 
ment provided is equal to that required from 
strength considerations, the basic values of 
span to effective depth can be multiplied by 
the appropriate values of the modifying 
factors and given in a form suitable for direct 
reference. Such charts have been prepared 
as explaincd below: 

a) The basic span to effective depth ratio 
for simply supported members is multi- 
plied by the modifying factor for ten- 
sion reinforcement (Fig. 3 of the Code) 
and plotted as the base curve in the 
chart. A separate chart is drawn for 
each grade of steel. In the chart, span 
to effective depth ratio is plotted on 
the vertical axis and the tensile 
reinforcement percentage is plotted on 
the horizontal axis. 

b) When the tensile reinforcement ex- 
ceeds ръпа the section will be doubly 

` reinforced. The percentage of compres- 

sion reinforcement is proportional to 
the additional tensile reinforcement 
(Pt — р.њ) ав explained in 2.3.2. 
However, the value of ръпа and ре 
will depend on the grade of concrete 
also. Therefore, the values of span to 
effective depth ratio according to base 
curve is modified as follows for each 
grade of concrete: 

1) For values of р, greater 
the appropriate value of рн, 
the value of (pi — Priim) is cal- 
culated and then the percentage of 
compression reinforcement p. re- 
quired is calculated. Thus, *he 
value of p. corresponding to a value 
of р, is obtained. (For this purpose 
d'|d has been assumed as 0°10 but 
the chart, thus obtained can gene- 
rally be used for all values of d'/d 
in the normal range, without signi- 
ficant error in the value of maximum 
span to effective depth ratio.) 

The value of span to effective depth 
ratio of the base curve is multiplied 
by the modifying factor for com- 
pression reinforcement from Fig. 4 
of the Code. 

The value obtained above is plottec 
on the same Chart in which the base 
curve was drawn earlier. Hence 
the span to effective depth ratio for 
doubly reinforced section is plotted 
against the tensile reinforcement 
percentage p, without specifically 
indicating the value of p. on the 
Chart. 


than 


2 


ми 


т 


— 
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2.5.3 The values read from these Charts 
are directly applicable for simply supported 
members of rectangular cross section for 
spans up to 10 m. For simply supported or 
continuous spans larger than 10 m, the values 
should be further multiplied by the factor 
(10/span in metres). For continuous spans 
or cantilevers, the values read from the charts 
are to be modified in proportion to the basic 
values of span to effective depth ratio. The 
multiplying factors for this purpose are as 
follows: 


Continuous spans 13 
Cantilevers 0:35 


In the case of cantilevers which are longer 
than 10 m the Code recommends that the 
deflections should be calculated in order to 
ensure that they do not exceed permissible 
limits. 


2.5.4 For flanged beams, the Code recom- 
mends that the values of span to effective 
depth ratios may be determined as for rectan- 
gular sections, subject to the following modi- 
fications: 

a) The reinforcement percentage should 
be based on the area brd while referring 
the charts. 

b) The value of span to effective depth 
ratio obtained as explained earlier 
should be reduced by multiplying by the 


following factors: 
ЫЬ, Factor 
10 1-0 
23:33 0:8 


For intermediate values, linear interpola- 
tion may be done. 


Nore — The above method for flanged beams 
may sometimes give anomalous results. If the flanges 
are ignored and the beam is considered as a rectangular 
section, the value of span to effective depth ratio thus 
obtained (percen of reinforcement being based 
on the area bwd) should always be on Ше safe side. 


2.5.5 In the case of two way slabs supported 
on all four sides, the shorter span should be 
considered for the purpose of calculating the 
span to effective depth ratio (see Note 1 below 
23.1 of the Code). 


2.5.6 In the case of flat slabs the longer span 
should be considered (30.2.1 of the Code). 
When drop panels conforming to 30.2.2 of 
the Code are not provided, the values of span 
to effective depth ratio obtained from the 
Charts should be multiplied by 0:9. 


Example 4 Control of Deflection 


Check whether the depth of the member 
in the following cases is adequate for control- 
ling deflection: 


a) Beam of Example 1, as a simply suppor- 
ted beam over a span of 7-5 m 
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b) Beam of Example 3, as a cantilever beam 
over a span of 4:0 m 

c) Slab of Example 2, as a continuous 
slab spanning in two directions the 
shorter and longer spans being, 2:5 m 
and 3:5 m respectively. The moment 
given in Example 2 corresponds to 
shorter span. 


| $рап 
a) Actual ratio of Effective depth 
75 4 
= 15625166) = 3? 
Percentage of tension reinforcement 
required, 
pi = 06 
Referring to Chart 22, value of Max 28 2) 


corresponding to p, = 0:6, 15 222. 


Actual ratio of span to effective depth is less 
than the allowable value. Hence the depth 
provided is adequate for controlling deflec- 
tion. 

Span 
Etlective depth 


40 Е 
a (5655Л%) Н 
Percentage of tensile reinforcement, 


Referring to Chart 22, 


b) Actual ratio of 


Max value or (Span) = 210 
‹ 


For cantilevers, values read from the 
Chart are to be multiplied by 0°35. 


г. Max value of 7 


I/d for > =21:0 х0:35--7:35 
cantilever J 
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и. The section is satisfactory for control 


of deflection. 
| 5рап 
с) Actual ratio of ‘Effective depth | 
2°5 
= gg 31:25 


(for slabs spanning in two directions, 
the shorter of the two is to be con- 
sidered) 
(i) For fy = 415 N/mm? 
Pt = 0'475 

Referring to Chart 22, 
Max ЕЗ = 23:6 
For continuous slabs the factor 
obtained from the Chart should be 
multiplied by 1:3. 


“ Max ^ n for continuous slab 


= 23:6 x 13 = 30:68 


Actual ratio of span to effective depth is 
slightly greater than the allowable. Therefore 
the section may be slightly modified or actual 
deflection calculations may be made to as- 
certain whether it is within permissible limits. 

(ii) For fy = 250 N/mm? 
ре == 0:78 
Referring to Chart 21, 


Max (258) = 31-3 


d 
.. For continuous slab, 
Max Span = 31:3 x 13 = 40:69 


Actual ratio of span to effective depth is 
less than the allowable value. Hence the 
section provided is adequate for controlling 
deflection. 
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Chart 1 FLEXURE — Singly Reinforced Section 
Moment of Resistance kN.m рег Metre Width 


t= 250 N/mm 4-15 Митт 


Bi, Î т 
199 


180 
176 


и ' А LN 180 
28 МАЛА `x м * 180 


25 тру b кк © Tid 


EFFECTIVE DEPTH, d, ст 


0.1 "m ШЕГІ oo Ty mmn" 
REINFORCEMENT PERCENTAGE, 100 A,/bd 
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EFFECTIVE DEPTH, d, ¿m 


Chart 2 FLEXURE — Singly Reinforced Section 


Moment of Resistance kM.m per Metre Width 


t, = 250 N/mm f. = 15. N/mm 


el | 04 | 0-7 120 1:3 I" 1:8 


REINFORCEMENT PERCENTAGE, 100 Ag/bd 
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EFFECTIVE DEPTH, d, cm 


FLEXURAL МЕУР 


Chart 3 FLEXURE — Singly Reinforced Section 
Moment of Resistance kN.m рег Metre Width 
1,2250 N/mm foe 15 Митт 


Пещ | 0.7 | feo i 123 
REINFORCEMENT PERCENTAGE, 100 А, Ьа 
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Chart 6 FLEXURE — Singly Reinforced Section 
Moment of Resistance kN.m рег Metre Width 
f,=415 N/mm EI N/mm’ 
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Chart 7 FLEXURE — Singly Reinforced Section 
Moment of Resistance kM.m per Metre Width 


f, = 500 N/mm Ее 15 N/mm 


EFFECTIVE DEPTH, d, cm 
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EFFECTIVE DEPTH, d, em 


Chart 8 FLEXURE — Singly Reinforced Section 
Moment of Resistance kN.m per Metre Width 
+, = 500 N/mm f. 215 N/mm 
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Chart 9 FLEXURE — Singly Reinforced Section 


Moment of Resistance kN.m per Metre Width 
f, = 500 N/mm feet 15 N/mm 


EFFECTIVE DEPTH, d, cm 


8-1 быз «3 ed 0.5 


REINFORCEMENT PERCENTAGE, 100 A, | bd 


FLEXUEAL HEMPEL 
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Chart 10 FLEXURE — Singly Reinforced Section 


Moment of Resistance ЕМ.т per Melre Width 


f, = 250 N/mm &=20 N/mm 


EFFECTIVE DEPTH, á, cm 


D-i 0.5 r.8 1-5 


REINFORCEMENT PERCENTAGE, 100 А, bd 
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Chart 11 FLEXURE — Singly Reinforced Section 


Moment of Resistance kN.m рег Melre Width 


І,: 250 N/mm 20 N/mm 


\ l ІШ 1 
4l | ) һ 


EFFECTIVE DEPTH, d, cm 


0 0-5 1-0 1-5 1-9 


REINFORCEMENT PERCENTAGE, 100 A,/bd 
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Chart 12 FLEXURE — Singly Reinforced Section 


Moment of Resistance kN.m per Metre Width 


I, = 250 — FEFA) М/тті 


Е " Y 


| Wi 


EFFECTIVE DEPTH, d, ст 


MI | | ا‎ 
0.6 1.8 ice Pd 
REINFORCEMENT PERCENTAGE, 100 A, /bd 
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Chart 14 FLEXURE — Singly Reinforced Section 
Мот of Resistance kN.m рег Metre Width 
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Chart 16 FLEXURE — Singly Reinforced Section 
Moment of Resistance kN.m per Metre Width 
t, =500 N/mm’ fex® 20 N/mm 


EFFECTIVE DEPTH, d, cm 
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EFFECTIVE DEPTH, d, cm 


Chart 17 FLEXURE — Singly Reinforced Section 
Moment of Resistance kN.m per Metre Width 


1,2500 N/mm’ 5,20 N/mm 
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Chart 18 FLEXURE — Singly Reinforced Section 
Moment Resistance kN.m per Metre W 
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Chart 19 FLEXURE — Doubly Reinforced Section 


1,250 N/mm’ 
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Chart 20 FLEXURE — Doubly Reinforced Section 


f,2 250 N/mm 


41 DESIGE AIDS FOR. REIHFORCED CONCRETE 


Chart 21 CONTROL OF DEFLECTION 


f, = 250 N/mm? 


"D 15 Nimm? 


МАХ RATIO OF SPAN/EEFECTIVE DEPTH 


0 0.5 1-0 1.5 2-0 2.5 3.0 
TENSION REINFORCEMENT PERCENTAGE, 100 Ast / ва 


Values for span/effective depth ratio given in this chart are Tor simply supported spans up ta 10 m. 
For spans over 10 m, multiply the values by 10/span in metres 

For continuous beam or alah, multiply the value for simply supported condition by 1.3. 

For cantilevers up to 10 m, multiply the value from the chart by 0,35, 

For cantilevers over 10 m, this chart is not valid. 
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Chart 22 CONTROL OF DEFLECTION 


f, 2415 N/mm 


pe. 


ü 0-5 1-0 2-0 2:5 3-0 


МАХ. RATIO OF SPAN/EFFECTIVE DEPTH 


TENSION REINFORCEMENT PERCENTAGE, 100 Agi [bd 
Values of Span/effective ratio given in this chart are for simpl supported spans to Юм, 
ы) nak lla pag бе Puri metres. à е 
For continous beam оғ slab, multiply the value for simply supported condition by 1.3. 
For cantilevers up to 10 m, multiply the value from the chart Бу 0.35. 
For cantilevers over 10 m, this chart is not valid. 
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Chart 23 CONTROL OF DEFLECTION 


+, =500 Nimm? 


MAX RATIO OF SPAN/EFFECTIVE DEPTH 


TENSION REINFORCEMENT PERCENTAGE, 100 Ast/bd 


Values of spanjeffective depth ratio given in this chart are for simply supported spans upto 10 m. 
For spans over 10 m, multiply the values by 10/врап in metres. 

For continuous beam or slab, multiply the value for simply supported condition by 1.3. 

For cantilevers up to 10 m, multiply the value from the chart by 0.35. 

For cantilevers over 10 m, this chart is not valid. 
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TABLE 1 FLEXURE — REINFORCEMENT PERCENTAGE, p, FOR SINGLY 
REINFORCED SECTIONS 


Ук = 15 Nmm? 


Mulbd?, А, Nimm Mylbd?, fy, NI 

1 err ONT А 
N/mm? 5,5 250 415 480 soo | М "545 250 415 480 500 
030 0147 0141 0085 004 0071 | 150 089 0796 0480 0415 0398 
035 0172 0166 0100 006 0083 | 132 0842 0809 0487 041 0404 
040 0198 010 014 009 0095 | 154 0856 082] 0495 0428 041 
045 0224 0215 019 O112 0-107 | 156 0869 084 0503 0438 0417 
0-50 0250 5929 0144 0125 0120 | 158 082 0847 0509 0441 0423 
055 0276 0255 019 0138 0132 | 160 0896 — 0860 0518 0448 0430 
0-60 0302 0290 0175 0151 0145 | 162 0909 — 087 0526 045 0436 
0-65 0329 0316 0190 0164 0158 | 164 0923 0886 054 0461 0443 
070 036 0342 0206 0178 0171 | 166 0936 0899 0542 0468 0449 
075 0383 0368 0221 011 0184 | 168 0950 0912 0550 0475 0456 
080 040 0394 0237 0205 0197 | 1:70 0964 0925 0558 0482 0463 
082 0421 0405 024 021 0202 | 172 0978 0939 0566 0489 0469 
084 ` 0433 045 020 0216 0208 | 174 0992 0952 0574 0496 0476 
086 044 046 027 022 0213 | 176 1006 0966 0582 0503 0483 
088 045 047 0263 027 0218 | 128 100 090 0590 050 0490 
090 0466 0-48 0270 023 024 | 180 1035 099) 0598 0517 0497 
092 0477 0458 0276 0239 029 | 182 1049 107 0607 0525 0504 
094 049 049 0283 0244 0235 | 184 1 1021 0615 — 0532 051 
096 0500 040 0289 0259 0240 | 186 1078 105 0624 059 0518 
098 0:512 0491 0296 9256 0246 | 188 1093 1049 0632 0546 0525 
100 053 0502 — 0303 0262 0251 | 190 1108 1063 0641 0554 0:532 
102 0535 053 039 0267 027 | 192 1123 1078 0649 0561 0:539 
104 — 0:546 054 0316 — 0273 0.262 | 194 1-38 1092 068 0569  0-546 
106 0:558 056 033 029 0:268 | 196 1153 1107 0667 0576 0553 
108 — 0:570 — 0547 0329 0285 0273 | 198 1168 1101 0606 054 0:561 
110 — 0:581 0558 03366 0291 029 | 200 1184 1136 0685 0592 
112 0593 050 0343 0297 0285 | 202 1199 1151 0693 
114 005 0581 0350 0303 029 | 204 1215 1166 0703 
116 067 0592 0357 0309 0296 | 206 123 1181 0712 
118 0:629 064 0364 0315 — 0302 | 208 1:247 1197 
120 0641 0615 0371 031 0308 | 210 126 1212 
122 0653 067 0378 0327 0314 | 212 1279 1:228 
124 0665 069 0385 0333 0319 | 214 1295 124 
126 0678 060 0392 033 0325 | 216 1312 1259 
1:28 0690 06 0:399 0345 031 | 218 1:328 1275 
1:30 0702 064 046 0351 0337 | 220 1:345 [291 
132 0715 066 0413 0357 0343 | 222 136 1:308 
134 0727 0698 000 0364 039 | 224 1379 
136 0740 0710 0428 0370 04355 
138 0.752 072 045 0376 0364 
140 0765 074 042 — 0382 — 0367 
142 0778 0747 040 039 0373 
144 0:790 079 0457 0395 039 
146 0803 0:771 0465 0-402 0386 
144 0816 074 042 0408 0392 


Norte — Blanks indicate inadmissible reinforcement percentage (see Table E). 
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TABLE 2 FLEXURE — REINFORCEMENT PERCENTAGE, p. FOR SINGLY 
REINFORCED SECTIONS 


дк = 20 N/mm? 
2 2 
муы, Sy, Nimm | Malba, x fy, N/mm с 
S477 vuol 2 

N/mm? 240 250 415 480 500 |N/mm" "jp 55% 415 480 500 
030 0146 0140 ооз 0073 007 | 222 1253 1203 0-725 0627 0602 
035 0171 014 0099 0086 0082 | 2:24 1267 1216 0733 0633 06% 
040 0196 018 014 008 0004 | 2% 121 120 001 060 0615 
045 0222 0213 0128 011 016 | 228 1295 1243 0749 0647 0621 
050 0247 0237 0143 013 0119 | 230 130 1256 0:757 0654 0:628 
055 0272 0262 0158 0136 0131 | 232 1323 1270 0765 069 0635 
060 0:298 0286 0172 019 0143 | 234 1337 12833 0753 0668 060 
0-65 0324 031 0187 0162 0156 | 236 1:351 1297 0781 0675 0648 
070 0350 036 0203 0175 0168 | 238 136 131] 0790 063 04655 
075 0376 031 0218 0188 011 | 240 1380 1324 0798 0690 0662 
0-80 0403 097 0233 0201 0193 | 242 1:394 1538 0806 0697 05669 
085 040 042 0248 0215 0206 | 244 1 1352 0814 0704 05676 
090 0456 0438 024 02% 0-219 | 246 14203 1366 0823 0711 0683 
0-95 . 0483 044 0280 0242 023 | 248 14388 1380 0:831 0719 0690 
100 0511 040 0295 0255 0245 | 250 1452 1394 0840 0726 0697 
105 0:538 0517 0311 0269 0258 | 252 1467 1408 0848 074 0704 
110 0:566 0543 0327 0283 027 | 254 142 1423 0857 074 071 
145 0:594 050 0343 0297 0285 | 256 1497] 1437 0866 07 0-719 
120 0602 097 0359 0311 0298 | 258 1512 1451 0874 0756 0-726 
125 0650 064 0376 0325 0312 | 260 1327 1466 0883 0764 073 
130 068 061 0392 0339 0-326 | 262 1542 1481 089 0771 0-740 
135 0707 069 049 0354 0339 | 264 1558 1495 0901 079 0-748 
140 0736 0707 0426 0368 0353 | 266 1573 1510 0910 0786 0-755 
145 0-765 0735 0:43 0383 0-367 | 268 1:588 195 0919 0 
1:0 079: 078 040 0397 0382 | 270 164 1:540 0928 
1:55 0825 072 047 042 0396 | 272 1620 — 1555 0937 
160 0855 0821 044 047 040 | 274 1636 1570 0946 
165 0885 0850 0512 0443 0425 | 276 161 1585 0955 
170 0916 0879 0530 0458 0440 | 278 1667 1601 
175 0947 099 0547 043 0454 | 280 1:683 1-616 
180 0978 — 0939 0565 0489 0 282 170 169 
185 1009 0969 0584 — 0505 0484 | 284 1716 1:647 
190 1-041 1000 0602 0521 050 | 286 1732 1663 
195 103 100 061 097 055 | 288 1749 1679 
290 1106 1060 060 053 0531 | 290 1766 1-695 
200 119 104 067 059 0537 | 292 1798 171 
204 1132 1087 0655 056 053 | 294 1:799 11727 
26 145 109 062 0573 0550 | 296 1816 1743 
208 119 112 0670 0579 0556 | 298 1833 1760 
2-0 1172 1125 06% 056 056 
242 1185 1138 065 0593 0569 
214 1199 111 0693 0599 0:575 
2-6 122 114 0701 0606 0542 
2.8 1226 1177 079 0613 0-588 
220 1239 1190 0717 0620 0595 
Nore — Blanks indicate inadmissible reinforcement percentage (see Table E). 
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TABLE 3 FLEXURE — REINFORCEMENT PERCENTAGE, p, FOR SINGLY 
REINFORCED SECTIONS 


fek = 25 N/mm? 


2 2 

ме, fy. N/mm M.Jba2, fy, N/mm ar 
N/mm? oe — N/mm? os. tea? o eee ee уы Ba 

250 415 486 500 240 250 415 480 500 
0°30 0:146 0-140 0:084 0:073 0:070 2:55 1:415 1:358 0:818 0:708 0:679 
0:35 0:171 0:164 0:099 0:085 0:082 2:60 1:448 1:390 0:837 0:724 0:695 
0:40 0:195 0:188 0:113 0:098 0:094 2:65 1:482 1:422 0:857 0:741 07711 
0:45 0:220 0:211 0:127 0:110 0:106 2770 1:515 1:455 0:876 0:758 0:727 
0:50 0:245 0:236 0:142 0:123 0:118 2°75 1:549 1:487 0°896 0:775 0:744 
0:55 0:271 0:260 0:156 0:135 0:130 2:80 1:584 1:520 0:916 0:792 0:760 
0:60 0:296 0:284 0:171 0:148 0:142 2:85 1:618 1:554 0:936 0:809 0:777 
0:65 0:321 0:309 0:186 0:161 0:154 2:90 1:653 1:587 0:956 0:827 0-794 
0:70 0:347 0:333 0:201 0:174 0167 2:95 1:689 1:621 0:977 0:844 0:811 
075 0:373 0:358 0:216 0:186 0:179 3:00 1°724 1:655 0:997 0:862 0:828 
0:80 0:399 0:383 0:231 0:199 0:191 3:05 1:760 1:690 1:018 0:880 0:845 
0:85 0:425 0:408 0:246 0:212 0:204 3:10 1:797 1:725 1:039 0-898 0:863 
090 . 0451 0:433 0:261 0:225 0:216 3-15 1:834 1:760 1:061 0:917 0:880 
0:95 0:477 0:458 0:276 0:239 0:229 3:20 1:871 1:796 1:082 0:936 0:898 
1:00 0°504 0°483 0°291 0°252 0:242 3:25 1:909 1:832 1:104 0:954 0:916 
1:05 0:530 0°509 0°307 0:265 0:255 3:30 1:947 1:869 1:126 0:973 0:935 
1:10 0:557 0:535 0:322 0:279 0:267 3:32 1:962 1:884 1:135 0:981 0:942 
1:15 0:584 0:561 0:338 0:292 0:280 3:34 1:978 1:899 1:144 0:989 
1:20 0:611 0:587 0:353 0:306 0:293 3:36 1:993 1:914 1:153 
1:25 0:638 0:613 0:369 0:319 0:306 3:38 2:009 1:929 1:162 
1:30 0:666 0:636 0:385 0:333 0:320 3:40 2:025 1:944 1171 
1:35 0:693 0-666 0:401 0:347 0:333 3:42 2:040 1:959 1:180 
140 0721 0-692 0:417 0:360 0:346 344 2:056 1:974 1.189 
1:45 0:749 0:719 0:433 0:374 0:359 3:46 2:072 1:989 
1:50 0:777 0:746 0:449 0:388 0:373 2:48 2:088 2:005 
1:55 0:805 0:773 0:466 0:403 0:387 3:50 2:104 2:020 
1°60 0:834 0:800 0:482 0:417 0:400 3:52 2:120 2:036 
165 0862 0:828 0:499 0:431 0:414 3:54 7 2:051 
1°70 0:891 0:856 0:515 0-446 0°428 3:56 2:153 2:067 
1°75 0°920 0°883 0°532 0°460 0°442 3°58 2:170 2:083 
1:80 0:949 0:911 0:549 0:475 0:456 3:60 2:186 2-099 
1:85 979 0:940 0:566 0:489 0:470 3:62 2:203 2:115 
1:90 1:009 0:968 0:583 0:504 0:484 3:64 2:219 2:131 
1:95 1:038 0-997 0:601 0:519 0:498 3:66 2:236 2:147 
2:00 1:068 1:026 0618 0:534 0:513 3:68 2:253 2°163 
2°05 1:099 1:055 0:635 0:549 0:527 3°70 2:270 2:179 
2:10 1:129 1:084 0:653 0:565 0:542 3-72 2:287 2:196 
2°15 1:160 1:114 0:671 0:580 0:557 3°74 2°304 
2:20 1191 1:143 0:689 0:596 0:572 
2:25 1:222 1°173 0°707 0:611 0:587 
2:30 1:254 1:204 0:725 0:627 0:602 
2:35 1:285 1:234 0:743 0:643 0.617 
2:40 1:317 1:265 0:762 0:659 0:632 
2:45 1:350 1:296 0:781 0:675 0:648 
2:50 1:382 1:327 0:799 0:691 0:663 


Коте — Blanks indicate inadmissible reinforcement percentage (see Table E). 
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TABLE 4 FLEXURE — REINFORCEMENT PERCENTAGE, р‹ FOR SINGLY 
REINFORCED SECTIONS 


fek = 30 N/mm? 
2 2 
fy, N/mm M,/bd?, fy. N/mm EE 
2 f = — 2 سے‎ Fx T _ T 

N/mm 250 415 480 soo | N/mm" o 250 415 480 500 
030 0145 0140 0084 007 000 | 255 1374 1319 0794 0687 0659 
035 010 0163 0098 0085 0082 | 260 1404 1348 0812 0702 0674 
040 0195 0187 013 0097 0093 | 265 1435 1378 0830 0718 0689 
0-45 0:29 0211 0127 01010 0105 | 270 1467 1408 0848 073 070 
00 0244 02375 041 012 07117 | 275 1498 1:438 0866 0749 0719 
055 0269 0259 0156 0135 0129 | 280 1530 1469 0885 0765 0734 
050 024 0283 010 0147 01414 | 285 1562 1499 093 0781 0750 
065 0320 0307 04185 460 013 | 290 194 150 0922 0797 0765 
070 0345 05331 0172 0166 | 295 1626 1:561 0940 0813 0-781 
075 030 0356 0214 048 018 | 300 1:659 1592 0959 0829 0796 
080 0396 озо — 0229 0198 0191 305 1:691 164 0978 04846 0812 
085 042 0405 0244 021 0202 | 310 1725 166 0997 0-862 0828 
0-90 047 049 029 0224 0215 | 315 178 1:687 107 0:879 0:844 
095 0473 044 ола 027 0227 | 320 191 170 1036 0896 0860 
10 049 049 029 020 0240 | 325 1825 1172 1055 0913 0876 
105 0525 054 034 0263 0252 | 330 189 1785 1075 0930 0492 
110 052 059 0319 0276 0265 | 335 1893 1:818 1095 0947 0909 
1-15 0:578 0:555 0334 0289 0277 | 340 1928 1:851 1115 0964 0925 
120 0604 050 0350 0302 0290 | 345 193 1:884 1135 0981 094 
125 061 0:606 0365 0315 0303 | 3:50 1998 1918 1156 0999 0959 
130 068 061 — 0380 0329 0316 | 355 2034 1952 1176 1017 0976 
135 0685 0657 0396 0342 032 | 360 2069 1986 1197 1035 0993 
1:40 0:712 0:683 0:411 0:356 0:342 3-65 2:105 2-021 1:218 1:053 1:011 
145 079 0709 047 0369 0-355 | 370 2142 2056 123 1:071 102 
1-0 0766 035 0443 0383 0368 | 375 2478 209) 1260 1:089 1046 
155 0793 0762 049 097 0381 | 380 2215 2127 1281 1108 106 
160 0821 078 045 041 0394 | 385 2.253 2163 1303 1126 1-081 
1:65 0849 0815 0491 04 0407 | 390 2291 2199 1325 1445 1099 
170 0876 0:841 0507 0438 041 | 395 2329 226 1347 1164 118 
175 0904 088 053 042 0-434 | 400 2367 221 1369 1:184 
180 09322 0895 0539 — 0466 0448 | 405 2406 29310 1391 
185 091 092 056 040 0-461 | 410 2445 2:348 1414 
1-0 0989 090 052 0495 0475 | 415 2485 2286 
195 1018 0977 0589 0509 0488 | 420 255 2:424 
200 1046 1005 0605 0523 0502 | 425 2566 2463 
205 1075 102 062 058 0516 | 430 267 250 
2-0 114 1090 069 052 050 | 435 2648 2:542 
215 1434 1088 0656 (0567 0544 | 440 260 2583 
220 1163 116 067 051 05% | 445 2.733 283 
225 1192 115 060 056 0572 
230 122 143 077 061 0587 
235 122 1200 074 066 060 
2.0 122 121 072 061 0615 
245 1312 120 079 06% 0630 
250 1:343 129 077 061 0645 


Nore — Blanks indicate inadmissible reinforcement percentage (see Table E). 
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TABLE 5 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 


PER. METRE 
Ja = 1% Sion 
f, 250 Nimm! 
Thikkness = [09 сп 
Ban Ваш DIAMETER, men. „А. Bax DIAMETER, mir: 
Spa rm кт, уд q < 
em £ g "a 13 cm & g In 12 
5 pm ка DO npa M пн 4: Е Я-55 
6 тт 21-20 ян») eo 21 IF аян ei 8-18 
7 5.61 10-77 іне 0:60 22 ea ЕГЕ 5-14 TET 
я 5.85 951 13:56 нж її оно 3:67 33I 7-45 
9 3:24. B-TQ 12:40 ed 14 [Сй 3:33 3-30 | Рай 
10 £75 7-93 ШЕП 0:00 25 moa 1:39 510 TU 
11 4:34 1-29 1056 IFEI 26 0-00 тат 492 ola 
12 4100 & T4 "ui К) 21 ою 3:15 475 456 
13 Ум 6-24 9-18 Kg a 0-00 3:04 4:10 6:34 
14 1-4 3-55 Bel 11:50 DH ім 4:44 5-14 
15 1-2% 54 еі 10-58 E її FU аж 544 
16 3 4-17 766 10-32 35 на ЇЙЇ 3-72 4-17 
17 TBÓ 4-59 7-2% Al a іне v0 127 4-55 
IE 21 4-Һ1 Вч Af 
19 480 iT £-91 
More] — Zeros indicate зен Не reinforcement percentage. 
Мать 2 — Bar spacings below the dividing line exceed. Yd. 
TABLE 6 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 
cc = 15 Nma" 
ML 
Thaknem = jim 
Ban Diwan, mm Ban Dan EHAMERER,, mm 
EFER, mm ВНИТНО, „= жу 
em 6 Ë 10 12 em ñ B іп 13 
5 15 16 2| їнї 20 інкі TA тіз т 
6 КЕ 1400 0m n] al йа a жені га 
7 тай 12:41 IT-37 rad T NT 4:11 $53 ЕШ 
8 ебі 10:99 15-70 0:00 2) 0-00 415 626 8-61 
a 5433 Tij ji- М} 660 24 oo T98 кн EJ 
10 4:16 9-02 13-12 13:23 25 0-00 3-83 3-79 
il 490 $2 12-1 164 2% 0-00 1 558 MS 
12 4-91 Tes 1:23 13:00 27 0-00 3-58 5:38 
11 4-16 7-10 10-49 14:08 я үш 141 а № 
14 389 667 5 13:24 29 0-00 22 5-03 699 
15 3-54 ез? tH 1252 їп К li 
fae i1? =еза а š 
т г T а { Ë 3770 ; 
T ooo 5.24 7-84 10:72 45 0-00 oo TX £ a 
19 i-i ам 1-47 ып 


Мота 1 — Zeros indicate inadmissible reinforcement percentage. 
Мота 2 — Ваг spacing below the dividing line exceed Ja, 
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TABLE 7 FLEXURE— MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


Да“ 15 Nimm 
де 250 Мит? 
Thicket = Ileen 
BAR Бан CHAMETER, IT Нав Най DIAMETER, mm 
REG FTF, = Эрат, 
em 6 a 10 12 em fi 8 10 12 
š 1137 у 0:00 20 gm 529 TH ШІН 
ЕСТЕ oo | n om 305 ота юз 
7 36 13:89 19-81 0-00 22 ою 433 T30 10:10 
a TIA 12:36 1Т-Я1 On Ii ELI dl TNI 8-70 
9 бб 11:13 16-20 21:30 24 DELI 444 dà 9-11 
ia 5-08 10-12 14-83 19:68 25 ожю 4:27 eat in 
11 5-46 9-27 [387 18:29 26 ач 411 i723 #7 
12 sog г 127 17:04 27 0500 1-96 6-02 Яя 
13 4-65 74 11-80 15-97 28 аға 0-00 $81 B'ID 
14 4311 T4] 1185 15:01 29 eod ih} 4-62 THA 
15 4-08 6-95 Ше 1816 M po. CELU 334 т-ва 
16 0-00 LE Тә 1339 1% hoo 000 469 657 
[7 (0-00 #17 PIT 12:71 40 ooo 0-00 413 5-79 
1% 0-00 3-85 R-T% 124 45 en (HO (на ЧЕ 
ІР 0-00 3-55 36 11:32 
Note | — Zerns indicate inadmissible pelnforcement регсетішре. 
Nore 2 — Bar epaciege below the dividing line exceed 14 
TABLE 8 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 
= 15 Mime? 
Jy 250 Nimm” 


"huxknesz = ]% cm 


Е 
Е 
3 
Е 
z 
Е 
| 


ст 6 E 10 12 16 á qu 12 Le 
£ ты zu 5H (rte 0-00 000 20 rh TAJ #1 12-4 19-49 
& 1067 176 — 206 но 000 | 2 000 557 йз ИН 18-73 
T 13:45 21715 060 ІН ILU a #07 {ГЛ jaa 
5 8-13 1172 19-97 25/22 0-00 33 аю 510 7-74 мет Тм 
Ты 18-10 244001 (Нм 74 0:00 489 т HFIS [75 
10 & 53 11:21 ы 2-14 ELI] 24 т! чт T15 g 9T L&-1H 
H во 27 1721 20-51 DKI 26 б-00 йй KEJ At 19-64 
12 #53 34 14-09 19:10 DELI] 27 оо ота eos 5-29 13:14 
13 512 8-72 13-12 17:86 ач 18 û7 54] по: 14-67 
14 «7 | 1221 1677 000 29 0-00 0-00 621 $69 — [423 
13 ом 744 11:32 15:00 2415 M опе 0.00 5 01 9:43 I3: 81 
16 ы Tid 10-88 1491 іг 33 oo ou БІН TH 124 
17 000 a2 10-27 1415 2216 0-00) 0-00 455 641 1066 
їй 000 6-45 9:74 13:43 21:20 45 000 roo WELT кїз 3T 
9 ом 611 9-25 1241 20:31 


Nove 1-- Zervs indicate алі райна е reinforcement реповстарс, 
Wore 2— Bar spacings below the dividing line exceed 24 
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TABLE 9 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m PER METRE WIDTH 


fac 15 Маши 
f= 250 Nimmi" 
Thicknes = 1490 cm 


: 
| 
J 


ЗРНО, — — 
em 5 B H і2 16 
2 an 638 9-68 ]r46 2:87 
i 0:00 SE ЕЗ іы Муи. 
21 (FX 4-57 1-54 1 
T4 (нж eoo FOE 11:38 14-57 
24 0-00 0-00 "84 10-96 17-93 
16 Con e 1-55 10-46 17-33 
11 pon ea 7-28 1020 1ё- 7% 
p: trn още Tiä Eg- 1#-23 
49 rm eo 6 80 9-54 15-73 
20 0:00 ой oa. 224 15-27 
ӛз (INP: üroo 5-87 ди Г 1329 

1176 
4% 


eua Te ою 617 1054 


TABLE 10 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN,m PER METRE WIDTH 


f, = 250 Ninn" 


Ban Нав DnawETER, mm 

% -_ 5 Е 10 12 1& 18 
5 15-06 2405 35-41 (00 ом e 
6 12-71 2130 1 0-00 0-00 ею 
1 пж 18:57 2113 35-81 C 0-00 
а ва 1646 2424 1227 0-00 0-00 
9 [273 477 EET 29-4 ею iron 
m TRO 13-30 19-04 217-06 пй 400 
11 714 12:25 18-22 ot ni 000 
12 6-55 11:29 18-94 2159 (000 000 
13 000 10447 1474 iH 3156 0-00 
M 000 976 1471 2018 71-81 бй 
14 inn сола 13:890 15847 S17 
16 ü-D0 LE Iron 14-00 2B:67T ны 
17 0-00 8:10 12:28 17:24 тю ПЕП 
18 0700 TET ТҮ” 16218: 26-05 aa 
19 0-00 728 11:06 15:40 2491 29-28 
20 оға 693 54 14-69 у 
21 бо 661 10-06 14:05 25 иа 
T бай 6321 967 13-44 21:99 
n 0-00 0-00 923 12:91 2116 2513 
24 ін ою Ене 12:41 20:39 2416 
15 іне ою 8-41 11:94 19-57 21-44 
25 0-00 0-00 E20 1154 19-00 21458 
27 000 0-00 791 1r 18-38 21:37 
28 hoo ою 7-64 FT 1779 21:29 
> 0-00 ою TH L038 17-24 2066 
» 0n ою 715 1905 172 20-05 
14 0-00 0-00 (ік! He 14:353 [7:52 

] ond i — ГЕ 2 

45 eod 000 0-00 ен ТЕТ 1196 


Нета 1 — Zeros Indicate тай Не reinforcement percer A 
Мота 2 — Ber spacings below the dividing line exceed 34. mge 


=== 
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TABLE 11 FLEXURE— MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


Kk = 15 Nimmi 
12 m= 20 T mmt 
Thickness = 17-4 ега 


em Б B 10 12 16 18 20 
3 18:14 зо. A33 ою 0-00 нк ікію 
6 1524 1756 3787 50.17 ою (00 (roo 
T 13:19 2243 33:22 44,59 0-00 0-00 000 
| iisi IFET 29 37 40.05 0-00 {Н} 0-00 
E] за -ITE Fu 35.32 0-00 0-00 OO 

10 9-35 1613 W и 000 0n 0-00 

и ооо 14:74 пе 3037 47:84 0-00 000 

12 000 137 Aras ігш 44-78 ooo о 

13 090 12:57 15403 263 4106 ooo 000 

14 LETI 1775 JT Wal daa ğü 

15 0-00 FH 15:64 2117 37:46 44:10 ою 
16 іне 10-29 1566 21-85 352580 41-965 o) 
пов mo We в w s s 
19 0-00 ЕТ 1771 ғы 3636 #17 

38 roo ooo 12:67 1777 2932 37-04 а-ә 

21 con 0-00 12-09 16-97 21-09 зача зачин 

% em 0-00 u3 16:25 25:96 12:14 37-9 

FE] He ooo 1:08 15-5 21-91 Meld 36:25 

24 0.09 cron 10-64 1491 24-85 3000 35-00 

24 000 0-00 10-21 14:80 205 28:58 33:86, 

25 000 ою 9-85 ІЗЕТ 2721 200 3277 

27 ою 0-00 5-49 13-38 2242 2149 21:75 

2% 0-00 0-00 $17 12:92 21-69 2611 кн 

2% 0-00 0-00 146 IFW 2101 25-43 м 

i roo оо 1210 жы 1467 T0 

" om roo gon 17-65 21-47 25:36 

^ i 0-00 eon $17 1558 15-99 11351 
| 0-00 к en roo 94 1703 20-23 

Ката — Zerea indicate іза е reinforcement percentage. 


54 DESIGN AIDS FOR REINFORCED CONCERTE 


TABLE 12 FLEXURE— MOMENT OF RESISTANCE OF SLABS, EN.m 


ЧЕЧЕЦ кепе osasu ЗЕ 
i 23282 33318 didis o) 


Š «ани WHEN ынны 


3 358% 82222 2222 


Да = 15 Маш 
fy = 240 Мит? 
Тіісітизл = 20cm 


a 10 12 15 ІЗ 20 x 25 
3548 52-48 6539 ою 0-00 іне 0:00 о00 
3041 44-95 а інкі 640 e інкі іне 
2538 19"12 5137 von onda et) нк ін 
21329 34:51 ат | пра aod e) i 0-09 

ха 318 4515 87:31 000 om 0-00 ooo 
1556 38:49 39 35 8221 0043 түйе («0 6-00 
17-22 rx] 34:16 ЖЕТІ 0-00 0082 ou 249 
ie 2405 Tr іт 61-14 ПЖ 0-00 ос 
14567 2131 10 47 55-67 tron очи Ген 
1356 20-81 29-00 атчы 46-33 0-00 etu) exu 
1273 19:49 17 4414 53-12 5-41 (ғ-да 0-00 
12:00 18:33 42:33 iii 38-51 (гй 0-00 

att 1730 F y aor 16 4814 15-86 üo0 0-00 
oo I6'38 270) 3820 45:89 5334 Бра 0-00 
0-00 18:35 2181 36.41 4384 5115 5606 0-00 

ПП 14-4] 20 84 HTH 4196 39-07 3583 em 

9 ا‎ э DO Ін Я SB 05 ош 

000 12194 18:25 иа A 4 5005 5881 

0-00 pra 17:43 29-50 3578 4114 48-17 TRUE 

ora ТЕ | IFRA эл 34:41 жено as TR 55-11 

oa 1-29: 1624 3741 33.32 39" 14 45-10 83"T2 

ПЕП 0-00 15:65 FT 3171 Tu 4350 4219 

0-00 0-00 1512 25:60 31-17 wh 42-58 514 
0-00 їч 14-62 ne ew 35:76 41-31 а-ы 
009 0-00 1415 3401 К 371 «ІІБ інім 
0-00 0-00 12-19 ar TE 2542 24 35-14 42:18 
0-00 "a 000 ri- 2678 3121 3737 
0-00 0700 oo 16" хо uoa 28407 34: 
55 


TABLE 13 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 


PER METRE WIDTH 
fac 15 Nimmi 
Å = НО Nimm? 
Thicke = 223 cm 
Han DHAMETER, men 


ст & 8 Ш 12 16 1® ш 21 23 
3 24:28 41-34. &i 0d RI 69 000 000 оо 0:00 ою 
й 2040 34:96. ai йч ond ігікі ex 59 000 
7 1758 PES | 52-14 0:00 0% 000 0:00 
Ë 15745 зе 85:42 i йч} qua 000 
9 0-00 23:88 Mr 49-98 1943 0-00 0-00 vao йй 

lü ton 21:59 Te 45'S) Tria LE түре ert Teo 

11 tro BLU 3996 41°75 eT TI eoe ero її ТЕГЕ 

12 Me ІН 17.61 38:56 де 74:01 0-00 ri 000 

13 | 1677 15-60 3683 58-87 ти 81:18 0-00 0700 

14 йй 1561 XB 33743 S524 ТЕ інім інім 

15 0-00 (-00 2234 3137 SDJ 62754 Trail 000 (ox 

15 0:00 0:08 = 21434) 2933 3916 FFAS 78-2 оо 

if 0.00 0-09 19-81 are #19 56-27 65-91 73:13 ELA 

18 ЕН mga 1874 2543 aT | ar 7181 foo 

19 0:09 0-00 17-80 2511 4216 51112 aris BE 000 

20 ГЇ ізікі 1694 2191 40 XS AS ЕТ ЭТ 00718 Та 11 

21 кй інікі ІІБ 3m rk] 542 66) Төзе 

i i iai 14:44 21-ы зе 4492 КЕШ! БЇ 25 ТУЕ? 

21 rie re HT 3542 4117 ГІП ағын тона 

24 0-06 0-00. 34-05 41:33 49 тоя 68:14 

25 0-00 0-00 COM) 1932 А ATS 5505 55-00 

26 (rn Фф 12-60) Tl ЗН" 45:51 SrH 54-48 

27 000 tron Tha ғ? 3733 44:40 5155 RUT 

2B ігікі 000 0-00 1132 29-90 зе 4% 49-96 ЧҮТ 

29 М} по 1#'74 19-ы шон Ales dial 38-56 

Mi 0:00 ooo iron 16:20 PES ATHE 4040 яғы 5695 

33 ارا‎ боп ооо чар 29.37 18:13 41:04 ни 

40 0:09 оо 0-00 eo0 21-04 25:8] iras 36:38 4-54 

45 080 cod 0:00 он 19-50 21:18 ‘Ez 3165 40-13 

Nove — Zeros indicate loadmissible reinforcement percentage. 


ка DESIGN AIDS POR REINPORCED CONCRETE 


TABLE 14 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


Bax Bam DuasETER, mm 
ст 6 Е їй 12 16 1$ 27 2 25 
5 ага ат? Ers 2338 ü 00 ИШ, йн} Arad 0-00 
6 2896 5931 59-21 не өзі om Оч 000 (00 
м wa NS pro MM сю 
а a I 
9 000 2691 4086 Jeti 91:59 10796 0-00 m ПЧ} 
10 000 dp X TOL 31-45 EH? 0979 ПИ} ПН 
1 000 2119 3V B4 ATH 92:66. Шы 0-00 oon 
ІЗ iran 3117 4153 Thid БЕК Иң оно üron 
13 oo 18:87 ТЕБЕ 40 55 07-28 80-94 54x 0ч) pon 
14 ем 360 17:34 6-05 1609 33-99 101725 roo 
13 D HF ЖЕ 33-47 3i Tp T6 84-20 95617 Fog 
16 өткі 000 LT 33:37 55-99 67:89 91:33 000 
i7 өзі бегі агым 21:51 5191 АП 12-41 B7-28 000 
їй oon (Ой rii F 84 5034 81:26 тез B3:39 98:50 
19 oe Юю HOS zB 79I SEH 69-13 1981 $505 
Xi iro (rn 18-07 24:99 4571 ir rijs 16:31 9143 
21 1 DO 0-00 0:00 14:75 41-70 53-40 6140 Trt HH 
p irt 0-00 Uo Iia UMS 5I ты n4 55 
п 000 0-00 000 iro 17 49°18 58-53 68-02 8201 
їз Tho 0-00 чн 22-05 3m tn TEM 231 6758 TES 
33 чю 0-00 0-00 21°76 3716 45-57 3433 6721 7667 
26 000 0-00 Cri) 3582 43-96 5247 61-19 74/24 
17 OM) gw 000 drt! 34:57 72 39-20 TEGS 
22 ПН} CHE 000 ТҮРЕН EX 4105 08 51-11 ЖЕП) 
2 сю 0-00 0-00 18:86 3231 39-74 TH 53-58 6776 
30 0:00 йи» ом 18-25 II 19-50 4606 з i 
3 60 0-00 000 0-00 27-02 ҮРҮ? 4551 E 
an o (00 тй re 23-78 ET) 3512 41-54 51:21 
45 6.0 0500 con (on aba 3rél 2-25 61065 


UTE — Zerus ПИЛЕ ee гематит регоегларе. 


و و ق فق ق ق و و و و و و و asss T S‏ 


TABLE 15 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


f, = 415 Nimmi 
Thickness = [т 


Нан Bam ГидмЕтЕн, mm BAR Hang LHAMETER, ПУП 
SPACING, а | SAIN, — O 
cm B B id em ñ Ë 10 12 
5 13-53 Ой Ой 20 3-98 еті вет? 1291 
6 11:72 (ron FOO zl yÜ & di g-39 12:44 
7 10-32 (ron (roo 22 364 613 9-07 1200 
в 9-21 000 0-00 23 1:49 591 8-59 11:49 
9 8-31 1320 0500 24 0-00 568 _ 8:37 TET! 
їй T-56 12:16 0-00 75 0-00 447 HE 10:84 
il а-ы 11:25 0500 26 od 4! THI ШЕР 
12 642 10-48 i 17 0-00 709 т TIS 
ІЗ 5% 9-80 0-00 28 {ЕГ} 43 TM 3:83 
14 537 o 20 LT 04 20 0-00 47 708 9:59 
15 523 R:6T 12:37 30 00 4-62 &BT 2-32 
16 = "T на 35 0-00 399 5 516 
T 444 2. 10-59 aD 0:00 rM 5323 Ti 
19 4:18 nt 10:27 
Nore | — Zeros indicate inadmissible reinforcement percentage. 
Note 2 — Bar spacings below the dividing line exceed 33. 
ee اه ا و ی و‎ 
TABLE 16 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
fac 15 Nimm? 
= 415 Simm 
F 
Thickness = ПГО ст 
Ban Bak DIAMETER, Hm B Нав LuAMETER, mmn 
ағам, г ааай — | SPACING, 
em 6 R 10 12 cm 6 š 10 14 
5 15-57 0-00 om ею 20 4-49 7-62 11-21 14:25 
a 11-42 оо 0-00 om 4-29 7-29 1ür74 14:19 
7 11:71 000 0-00 0-00 22 000 698 1032 13:86 
B 10-48 16:61 0-00 0-00 000 6-7) 9g 13:31 
9 та 1521 om OF 24 TH йы 955 1291 
№ 11-97 000 git EL аш . 9-21 12:48 
| m MM m mir: 3» се 
Rom us Ud B|]: 52 onm 
29 009 3.39 8-06 Liao 
15 2:90 9-38 4:25 000 
18 855 9:33 11-51 000 40 000 423 7-82 10:68 
17 5:24 їйї 12-86 000 15 Oxo 441 6-78 9:33 
їй 497 8:39 12-26 1622 40 0-00 Ой 5-99 $1 
19 4:72 ШЕ. 117 1556 4% eror Ой 5:36 TH 


Mowe | — Feros indicate inadmissible reinforcement percentage. 
Коте 2 — Bar spacings below the dividing line exceed 24. 


58 DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 17 FLEXURE — МОМЕНТ OF RESISTANCE OF SLABS, kN.m 


fac 15 Nimm? 
f, = 415 Nimmi 
Thickness = 12-0) cm 


Ban Bam ГидмЕтЕв, mu Bas Bam DUHET, mm 
cm б Е 10 11 cm 6 š 10 Ti 
5 теі 0-00 0-00 пое a 000 8-43 12-62 16-99 
& 1612 0-00 0-00 x 0-00 8-15 12-00 16-33 
7 ng 1100 0-00 0-00 2 0-00 ты 11-60 ТЕ 
E 11-76 1354 0-00 0-00 23 0:00 749 1115 13-14 
9 1094 17-23 0-00 0-00 24 0-00 719 10-74 14-61 
ю га 13-79 0-00 0:00 25 0-00 10:34 мен 
и № 14-56 2054 0-00 26 0-00 6-67 [t^ 13-64 
1 #12 13-51 19-32 0-00 m= 0-00 6-44 9-65 1120 
n 78 12-89 18-14 0-00 за 0-00 32 0-33 12-79 
M 70 1129 17-0 0-00 29 0-00 04 12-41 
и си Із эж | 4—2— сЕ нн 
п и ж и: 2| 9 ою ою ею уш 
9 $26 T" 13:20 177 ща " vos xn $35 


Мота 1 — Zera indicate inadmissible reinforcement percentage. 
Mote 2 — Bar spacing: below the dividing line exceed 34. 


TABLE 18 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 


Bau Вла Dissen, пала Bag. Нак DIAMETER, mm 
SrACINO, —— —— | Ince, ———— .. 
cm ñ B їй 12 16 cm ë |. tü 12 14 
я 19-65 oo 0-00. ою 0-00 zx» бй 
5 іш 1451) 009 FOO 0-00 21 0700 
т не 23-59 0-00. oe 0-08 z 000 
в 13:03 21:21 tron (OO | 21 0-00 
9 1r? 1924 roo FON bud» a м 0-00 
ю 10-61 17-60 2499 0-00 1411) 24 юк 
И FT 1621 23-73 $0 tron 26 00 
i2 ЕО 1540 2168 0-00 ем z' 00 
13 Ел 13-99 2032 0-00 tron 28 ош 
м тъч 1345 19:11 ea tron 29 ом 
15 7-25 12:30 18-03 23:95 0.00 30 см 
lë 1 11:35 17407 22:79 000 1: j 
m 5-44. 10-97 1620 21:73 0.00 40 ta 
18 &10 1040 15-41 2075 000 45 000 
I$ нми 9-90 14-69 IFEA 000 


| 
| 


| 
| 
U 
: 


Har 
on ст Б в 
5 2140 ою 0-00 000 ою 20 roo 0-24 15:45 21-08 аю 
6 1852 жы 000 0-00 aon 21 FON 9-B8 14:79 20-2 0-00 
7 1615 26518 0-00 000 ой 22 FON 9-45 14:18 19-43 0-00 
в 1431 2148 0-00 000 00 23 ою 3-06 13:62 18-69 аю 
> iii 2126 FOO 0-00 eon 24 нк ЕТІ 13:10 18-01 ою 
10 1145 19:41 27%2 0-00 (o0 25 0-00 B:37 12:81 17-37 21:18 
11 105 17:86 2580 0-00 con 26 000 вот 12:17 LI 2637 
ii тп 16:53 24-05 0700 Фай 27 ою TTE 1175 16:21 25:61 
13 id 1533 22:40 000 1451) ZR 0-00 T42 1134 ІЗЕТІ 24:#9 
H ғи 1438 21:14 28-14 FO 29 FON TI] 10-99 2420 
i ти ша EL x roo м) 0-00 оно 10-65 14:76 21-54 
k ; d 5 Ы 3 а г 9-21 Її 20-74 
yee um пи No f|» gm im UG MM ma 
в оо нн we 20 |" ғ” = сү. жән 
Моти | = Feros indicate аата е reinforcement percentage. 
Мати 2 — Bar spacings below the dividing lime exceed 24. 


ы) DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 20 FLEXURE— MOMENT OF RESISTANCE OF SLABS, EN.m 
PER METRE WIDTH 


ta = ІЗ Nimmi 
fh = 815 N'mm? 
Thickness = 1550 om 


E Bam Гидывтен, mm 
PACING, SSS 
ern ñ B ІП 12 14 18 
5 2373 d 0-09 ал] 000 оо 
Ё 20-22 12756 0-00 0-00 0-00 0) 
1 17-І к. Пеги 0-00 інкі Cox 
g 15:58 25-74 FELE 0-00 (ню 0:00 
Q 13-97 33-27 31-30 i 9-00 eon 
10 1267 21-23 Mr üron 0-00 eo 
11 11:38 15-51 8°38 тй тй eo 
12 10:67 [8:04 26-41 0-00 0-00 Co 
13 а ЖГ. 24-68 3191 FOO eoo 
14 %:21 15-68 23-16 11406 0-00 0500 
15 B6? I4: 72 FEL 29-40 нк 0:00 
16 ігікі 1586 20-61 2789 0-00 өк 
17 t ox 13:10 19-53 251 їй iri 
iñ 000 1244 18-56 25:29 її 0-00 
19 0-00 11:40 17-88 2416 (Ий eo) 
Эй 0-00 11:25 [BH 2112 0-00 нікі 
21 ініні 11-74 15:14 22516 oa 0-00 
22 0-00 IFE 15:47 21:28 ню она 
23 йын 9-85 14:85 22-47 thie oo 
24 0-00 a5 [4:28 19:71 21:05 ік! 
24 000 510 1175 19:01 НОЕ (rag 
26 (r (My 876 13:25 18:15 29-16 Ой 
21 ны) Bas 12:80 17-74 28:10 0-00 
2% 0-00 OU 12:37 17:17 2748 oo) 
29 000 ro 11:97 16:61 2670 11-22 
10 іню 0-00 11:59 16:12 25-97 Mr43 
15 0-00 ін 10-02 14-00 22-1 | 
40 ІНІ 000 BEE 12-35 аға 24-18 
44 OA ек 0-00 11:07 18-31 11-89 


Nore — Zerce indicate inadmissible reinforcement percentage. 


FLEXURAL MEMBERS &1 


TABLE 21 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


= 15 Мп 
Jy 415 Nimm? 
Thickness = |T] спа 


Bam Ban DiiMETEA, mimi 

FAC, pee ať س س‎ 

em в B 10 12 16 18 м 
5 28-83 46 0-00 0-00 000 0-00 0-00 
6 WaT 4012 0-00 000 0-00 0-00 0:00 
T 21:14 325. 000 ін! ІН FO ПЧ 
Е IETT 3r41 інікі нк 000 0-00 
9 ШЕНІ за 4117 FON ім Ur RH 
10 1522 25-76 37-74 0-00 0-00 0-00 
HI 1790 zr 45-91 іт 0700 0500 
12 1279 21-82 32-31 41-47 pü 1411 0-00 
13 11:85 30-13 40-76 0700 (o0 0-00 
H 0-00 18-92 28-22 18:15 roo (ron p.00 
15 ro 11-74. 26- 54 36-20 О} (ren [ү {Н} 
16 0-00 шт 24-04 14:27 0-00 0-00 0-00 
17 Ж ITN 21-51 0-00 1411) 0:00 
IB 0-00 1 22-50 30-965 (o0 (rex) (HW 
19 0-00 1419 21741 29-33 46-43 @ 0-00 
х) ою 13-51 Mraz 28-11 44:64 0 0-00 
2 0-00 12-90 19-52 2702 429% 0:60 0-00 
roo 12:34 18-69 25-92 41-42 0-00 0-00 
13 roo 11-82 17-93 2440 49-07 іне 000 
24 oD 0-00 17-27 2396 38-61 45-35 0-00 
2% oo 0-00 16:58. 23-09 17-34 41-87 Ой 
26 ötü (roD 1 22-28 16-14 42-56 0-00 
AT ігікі 0-00 1542 2152 35-02 СТЕК інін) 
28 (ron 0-00 14-90 20r R1 31-96 A25 Пат 
29 оро c 14-41 30-19 39-14 0-00 
3 tr OO. 1396 19-53 Irgl 3808 ініні 
35 tron Ой 12:04 1531 iT99 11-52 18-69 
40 roo roo 1491 24 B6 992 344 
45 trix tro (rop 13-33 22:3 2539 11:64 


Nore — indicate inadmissible relnforcement percentage. 


| 


61 DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 22 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 


fa = 15 Nimmi 
f, = 415 Nima: 
Thickness = Ж-фст 


Ban Нар DIAMETER, mm 
беда на, —— -- ooo 
em 4 Е 10 i2 16 ІН E 22 25 
5 31933 44-43 üü 0-00 0-00 0-00 0:00 0-00 оро 
ñ 24-72 47-69 її ex thik (FOR {Н} ою Ой 
7 24 H5 41773 ris 0-09 0-00 (Fog ho 0:00 Ой 
a 2196 54-10 0-00. 000 do (їй 0:09 FO 
Ф 19-64 33-35 65-33 000 er 0-00 au tron 
10 17:71 Mr E E-k el ін +} бой їй 000 
11 16:22 21-74 41:26 55'RI 0-00 om 160 Ox (ні 
12 (rcx A5 60 33722 5197 (нк FD FOO 0-00 FOO 
13 [igi i) 21 35758 аға) 0-00 i НІН) o) ІНІ 
14 (Г 22:16 3328 4564 0-00 en 0-00 io (ІН! 
15 Ont 276 31:28 4300 hd ote) іні 0-00 000 
16 Юн Б] 219-47 aos 61:97 (ж {Г 0:00 ПП 
17 000 13:44 27-87 3833 61-08 Ot 0-00 0:09 0-00 
18 DM 17:46 i843 Mr&1 58-43 oro 0-00 0-09 гек 
19 no 1854 24-14 34-900 45-08 oro 0-00 COO Qro 
000 15 T8 23% 33-12 53711 їчї (OD 040 бй 
21 000 x 2289 31-RB ЕЛ ЕС) ят» ею очю gi 
2 (И) età 2404 Mr 56 4567 SFT (rog ою ооо 
i Püü 0:00 2150 ағы 47-80 5679 0-00 000 1451) 
24 (üa 0:00 20-18 28-21 45-17 жо (Ж тю (ran 
24 o 01-090 1942 21-17 44-59 5315 ооо 000 (гек, 
26 Сн} 0500 ТЕСТІ 25-30 4112 51:49 35-48 0-00 gi 
21 FO (ІНІ 15-05 29-10 41:71 40-01 ЖЕП ін Cx 
28 0-00 000 [743 24:45 30-43 48:45 56:20 (нікі г 
29 12411 ELE 16-ВЬ 2567 39-2] 47406 54-4 11211) iif 
E CO) 0-00 122 22:93 3806 45:74 5324. 000 000 
35 0-00 0-0} 0-00 1981 33-18 Дона 46-98 £145 0-20 
an ПЕПЕ кімі qos 17:46 29-30 155 41 48:21 інжі 
45 очю Oo ou) 15:60 26-38 12:10 37-34 щъ та 52-03 


Nore — Zeros indicate inadmissible reinforcezent percentage. 


FLEXURAL MEMBERS 63 


TABLE 23 FLEXURE— MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


fa = 15 Nimm 
Ў, = 415 Nim? 
Thitknes: = 17m 


Bag Han DIAMETER, mim 
тааны ——— д ———— 
ëm 6 Е 10 ІЗ 16 18 21 15 
5 3503 64-50 oon 0-00 000 (ron. 0:09 000 000 
6 3297 15-34 79-95 ою 0:00 000 ama 0500 (00 
T жы 48-21 "0-37 0-00 üt 0-00 ou 0-00 000 
Е 25:15 47:75 62-96 EC güü 0-00 0:00 üü 0-00 
о тый 18:19 56:92 ЕГІЗІ 000 ooo 0-00 0-00 0-00 
е 2032 ыға 51-81 7041 000 0-00 0-00 000 000 
Hu бо 31-88 47-71 554% 0:00 0-00 0-00 0-00 0-00 
12 ood 4412 &r47 0-00 0-00 0-00 0-00 ою 
13 0-00 2724 41:01 56-45 0-00 0-00 0-00 0-00 0-00 
14 tron 25-40 3834 3192 БЕ. 0-0 0-00 TOO von 
15 0-00 73:78 35:98 49:80 79-20 0-00 0-00 0-00 0-00 
16 6-00 Ir 3190 TO 753] gan TOO 0-00 ao 
17 0-00 21-10 32304 ағы 71:74 0-00 000 0-00 0-00 
IB Ox 19-98 3037 аг 68-50 80-96 00 0-00 0-00 
19 0-00 0-00 18:87 65:55 77:70 000 (00 0:00 
20 0-00 0-00 27:30 38-42 62-78 74-87 000 ooo 0:00 
21 000 00 2626 36-74 60:25 71:85 roo 0-00 
22 0-00 0-00 2513 35-19 5791 69-73 000 000 0-00 
23 ІНІН) 000 2408 FT 55-74 BET 7740 rüü 0-00 
24 0-00 000 23-14 1 5? 73 баган 1492 0-00 0-00 
24 0-00 (rod 22:24 3125 51:85 62-34 71:38 o0 000 
26 0-00 000 21:43 MF 12 5009 60:32 70-28 інін) ою 
27 0-00 0-00 20-67 | 48:43 58-43 68:30 0-00 0-00 
28 0-00 0-00 19-95 2810 ара 36-65 66:31 74-57 0g 
29 — (00 0-00 19:30 27.18 4547 54-97 64-46 71.58 ік 
ж 000 0-00 0-00 1631 4411 53-30 52-59 71:69 müü 
34 eno 000 0-00 іг 38-36 550 81-42 ñ 
40 0-00 0-00 trn 20701 33:93 41-40 49-05 5679 61:93 
44 0-00 0-00 0-00 00 30741 37-20 44:74 51:17 61-87 


Мати == Teros indicate inadmissible reinforcensent percentage. 


64 DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 24 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


ha 15 Кл 


ГА zig tni 
Thickness ЖУЗГЕ 
n" в 10 "n 16 18 20 E 25 
FIA 71:66. 1035-82 con 0-00 000 00. o0 іне 
ATi ЖЕП 91:46 eun oon 0-00 аю roo 
32-18 44-60) Irû 8771 060 0-60 0:00 0:00 
1 18-47 71-42 0:00) iran 0-00 000 (ren 
2531 4343 -Ta EEO iro 009 000 ою mod 
FO 29-17 59430 80-53 ікбе FOO eon au ooo 
060 35-00 54:15 14:16 0-00 0-00 Он 2-00) roo 
FON 11-16 5:03 8-97 o0 Fi 0-00 000 
000 7 45:38 64-30 14 ооо 000 аю 0-00 
ÛÛ ib64 43:41 6021 іне (500 0-00 "on 
000 25731 40°71 56:61 91:29 0700 0-00 C00 0-00 
000 25-20 38:33 35340 02-61 (гй guo 000 
ooo OO 36-20 ғ 5241 ST 38 Tro OIN) 
0-00 0-00 34:31 4796 78-54 93-72 000 CH 000 
roo (roo ііі 4564 7507 1 roo euo 0:09 
(roo 0-00 3103 ағза 71:85 Hi 13 0-00 t 
r йо itd 2150 БЕЗ EI: 9632 pon 000 
0-00 "Do Mas зен 66 16 79-66 ТҰТ 0-00 ir 
ooo чий ЕГІТ 22:21 63-43 7676 By 72 üt n 
oto ею Т, BIZE 14413 88:73 "on i-o 
ЧИ) о 1709 3513 59-00 71 rol БЕЙ] 0-00 
0:00 04% 24-16 51417 69 | СТЕУ 91-05 
0-00 0-00 Ой 22 В6 53:17 Зз TET 9r 17 0500 
on еее Шы 31:74 53:39 84:41 7645 ЕТЕТ 0-00 
0:00 HF (ғой EU 5172 62-49 7423 ЕЕ 0:00 
ond TELU 000 25-73 5015 EMH 71:14 Lig. 0:00 
ini 0-00: 0-00 1546 43:44 5321 6T 13 TFA BT'B2 
(00 ite (йй очи 38-46 4714 86-17 ЕЕ төк! 
б} ooo 0:09 (-00 34:44 42:30 wH 3899 т 


— Zeros indicate inadmissible pesnfaroemeni percentage. 


TABLE 25 FLEXURE— MOMENT OF RESISTANCE OF SLABS, kN.m 


Ра = Ж Nimm 
f, = 150 чупка 
ТЇШЄ ға JO" cm 
Bit DLOJETER, mim Dan ГИАШЕТЕВ, mm 
Зас, а — 
6 Ë 10 12 | é R № i2 
РЕТ! ығ 0-00 0-00 2 0-00 425 РЭТ 8-84 
TH 12:84 18-09 0-00 21 0-00 406 6-12 faa 
11:24 LU ü0-on z ron YEE 5-05 ЕП 
9-9% T 0-00 23 000 »72 3482 TTR 
53 [r7] 13-10 17.27 24 0-00 3:97 т» | T 
Я Мы m mls жоош G m 
405 6% К ЧИ se атша 4 
5-97 890 1248 29 0-00 2-57 РЕТ 6-28 
15 3-26 5 $36 11:0 , 
£ E ОШ NM I 2 m е 
17 i 10-22 ٣ К 
Dom m odd иии ош BB m и 
19 fon 441 &T2 9-26 
Мота | — Жена iadiceic inadnubalble pelnforcement percentage. 
Мата 2 — Bar spacings below the dividing line exceed М4. 
TABLE 26 FLEXURE—MOMENT OF RESISTANCE OF SLABS, k.m 
fa 20 Nimm? 
f, = 150 ниши 
Thicksés = ІІ сп 
Бан Ham Гидмитви, mm BAR Han ІМАМЕТЕН, rani 
ша 6 ü 0 12 ст 6 n T] T 
h 34:00 ою 480 * 10407 
Е ши оп м жш aM MU W 
7 12180 12-51 0-00 22 (Кї FHE ria + 
8 673 11:34 TET. 21:00 n 0-00 4-19 6-36 gas 
9 10-20 14-99 тай 24 а At Ell $31 
' 925 11-88 18:39 2% ooo 187 Ski 8-19 
BE = т э Мы 26 0-00 TT 5-66 7-0 
1 “36 Tél 11:64 15:81 т pog 3-9 5-46 783 
11 421 TM 19-82. 77 жя 000 | 7.37 
H 391 615 iriz mas 29 спо 2-14 310 713 
15 367 ею 350 1304 | 
' i &-95 12131 30 0-00 “ы 44 651 
19 325 541 845 1 35 бо 00 415 397 
18 311 яй2 11428 40 0-00 0-00 3-74 31 
19 oe 504 TE 10-54 45 0-00 6.00 3:33 445 


Nove! — Zeros ladita inadenissihle reinforcement percentage. 
Nore 2 — Bar spacings below the dividing line exceed 34. 


66 теч AIDA POR REINPORCED CONCRETE 


TABLE 77 FLEXURE— MOMENT OF RESISTANCE OF SLABS, EN.m 


е 20 Nimmt 
f, = 250 Nimm? 
Thickness = [thom 
SPACING, ПРАМО, —— —————— ——X — o 
cm % 8 їй 11 em ü 8 ІП iz 
5 167 19:31 2741 0:00 20 ою 3:35 #12 ТІ 
ü ем 1548 1178 0:00 21 0200 510 7:75 10-80 
бар Re MIB m g un m 
9 60 11:41 aig та 24 900 4.48 om 9-54 
1 15 Шан 15-39 DRS 24 ПЕ 4-19 oe 1! 
1 $2: 14:13 19-24 26 0-00 41 ез бы 
12 547 8-72 13:06 17-86 IT ою үн 509 | 
13 4560 8-04 12:14 16:64 2Е 0-00 ою жм #23 
14 437 7:53 пы 15:80 29 0% 0-00 1-69 Тн 
1% Jd TD 12-61 14:67 3 нк 0-00 LI 
н б б җа Mmm um um um 
| 40 000 ene 4-15 
18 0-00 ж ЕЗІ 1244 1 4 
19 0:09 3.53 8-52 ШТ s = 000 0:00 524 


Мота l — Zeros indicate inadmisible reinforcement регоуМаще. 
Nove 2 — Bar spacings below the dividing line exceed М 


I ИИ — = 


TABLE 28 FLEXURE—MOMENT OF RESISTANCE] OF SLABS, kN 
METRE WIDTH я ха 


PER 
Ќа = 20 Njime? 
fg = 250 Kiam? 
Thickness = 110 cm 
Нак BAR DIAMETER, BAR Bat DiMETER, тел 
e E 10 12 ап 6 ж 10 12 ІН 
& 1 z 3083 2 їй mAg 827 12:53 30-41 
& 1 1 £^ 2662 i 11 {кїй 583 d-56 11-97 19-545 
B 8-28 14-08 Mr 84 11 0-00 5:14 TH 1 інім 
в ти Trái [HTH 25:47 м Фос 493 T м IT} 
ю ғғ ТЕ" тю 2131 25 0-00 4:74 TH 10518 1671 
11 Он 15:68 [| 2% 000 йч} ват 5-79 1619 
2 55 14:48 27 0-00 000 6-72 T45 1555 
13 іі? 12-45 18:34 28 ano ін ва 513 153-14. 
H ін £3) 12:56 1736 m 000 roe 525 8-83 14-66 
15 T-TH 11-77 1531 м 000 со 607 | 
ii m ue ie HIT OE om лш 
3 40 om 439 irae 1049 
18 ü 9-9] 1381 | інш 
ва 6-19 $42 пы 8 509 0% ж. эн 


More | — Zeros indicate inadimisadble reinforcement percentage. 
Hom 2 — Bar прасбада below the dividing ling excocd M. 


FLEFXURAL MEMBERS T 


TABLE 29 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 
ii, = 20 Nimm? 
ў, =2950 Мат? 
Thickness == [40 em 


BAR Ban Drewukrim, шиш Bax Bag Ouse, mm 
SPACIND, SEACIN, mMM 
ет a 10 12 18 єп É B 19 13 16 
5. 1412 81:54 3424 0-00 om | m roo LET YE aî Ara 
ü 1149 2012 2941 35-06 otk 21 009 aid %17 13:14 20-64 
7 N 17-48 LES Ire 000 22 Qu ТЕТ BEST 12:58 20077 
в 90% 15745 21-98 31-12 ачи 23 0-00 5682 819 1246 19% 
E] FoS 1344 A58 28:20 om 24 ü o] rio F24 11:53 1921 
т TH 13441 LEES] 24571 39-66 24 iron 000 7:93 iila 18'51 
11 ка 114% 1723 ITTU IT 1% iron roi THs 10:74 17:87 
11 iğ Кы 1590 31 pa ТІ ri їй TIo 0-18 17:26 
13 544 Th [475 20-44 12-41 TR rH aum тм "ou 16770 
м ою oo 13°78 19-12 WSR 39 LI) apa eae 5-87 IT 
13 OO ЕЗІ 12:91 17-95 28:90 30 0-00 0-00 сы 936 Е 
ж 0:00 TOR 12-14 ӘЗ at š 
I 0:00 ма пт — 1500 29e | 33 ош ою FTI кот 03799 
18 0-09 T1 10-35 15:18 24-76 3 roo 0-00 їй Tbh 1199 
19 йй ETI 10:32 1441 23 45 0-00 000 {гой в: 10:72 


Кота 1 — Zeros indicate inadmissible reinforcement percentage. 
Hom 2 — Bar spacings below ihe dividing lint exceed 34. 


TABLE 3) FLEXURE—MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 
= Ka 20 Nimm? 
m= 250 mm? 
Thickness = 140 cm 


Нан Най ГилмттЕн, mm 
ст ё Е 10 12 14 18 
3 15:33 2547 AT 85 Sag 0-00 о 
6 1294 11-94 2231 43:16 їп 0-00 
1 1113 19:04. 2827 за: ДИ ню 0-00 
|: ай 1 25-11 19 аю юк 
a 8-75 1505 30-91 ачи ею 
10 1-за 11-52 20-51 232 Г чи) 
11 TH 12-ы 12-79 215-95 Ой 
12 61 11-43 17-33 TOF 58:23 ipa 
13 ooo 10:50 16:08 2233 M33 а АВ 
ы гїн ча? 1423 20-87 за 788 
15 0-00 8-24 4 15-59 ЕГЕ) 37-50 
16 6 Tot Ізгі 18:46, же 3452 
17 0-00 8-18 17-45 ri. ЗА" 
18 0-00 774 HSI 16-94 1719 12:14 
19 (0 TH НЕ 1413 25-01 391 
20 Юч 6-98 10-68 14-97 23-78 29-50 
11 кю nd 10: no 14:31 22:72 ҡа 
2 0-00 6:36 474 13-69 12:74 ini 
23 КОП 0-00 9-11 13:13 21:86 26:24 
24 (Ой йди яз 1281 21:01 25:28 
24 000 ТІКІ 8-61 12-13 aris 24:19 
25 0-00 FON 8-23 Ires 1955 23-35 
27 0-00 irn тй ит (іл 22-78 
28 0-00 яна T И ЕЙ 18:26 11105 
29 0-00 roo 1.45 Кеп 17-58 2134 
30 ПЕ 0-00 T 10-18 17-13 за та 
33 0-00 ініні a BH 14-83 1800 
An ч їй ; тт 13-98 15-94 
й чр oo 0-00 BÊ 11:49 14:24 


Murs] — Zeros іһйісдіг inadmissible reinforcement percentage. 
Nom 2 — Bar spacings below tha dividing line exceed M. 


БЕ DESIGN AIDS POs БЕЙКЕСЕСЕО CONCREIT 


Ж 


TABLE 31 FLEXURE—MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


fey = 20 Njim? 
жа 230 Men? 
Thaknms = 17:48 am 


ВЕК SESE ECESE Шыл ECHES osuma sir 
= 


6 H 10 12 16 1E 20 
18:43 31:11 46-12 61:76 0-00 trao 0-и 
544 2645 3943 5140 0-00 0-00 0-00: 
13:34 25-94 3437 E эб 0-00 0-09 AHF 
1 20:23 IK I] 65-25 tron Ortu 
1043 ралы Ir33 зем 35-71 0-00 ü THE 
5 43 1636 24-75 MONT S435 19 00 
‘Orth 1491 Tat 31-53 3ü-&k ЗЕ бИ 
UH 1373 БЕ ria аты {Н} 
oo іг [9-35 44 80:21 
Oo иа imas 25-28 41:41 E 
$00 1038 n Ei 36-4 prin 51-57 
UO. i : z 
Bo oz са 
{Ҥй 978 03-45 I TIBÊ 3419 44:66. 
mti чи 12-1 18-06. 10-24 36:42 42:14 
iron очи 12-22 17:24 йз 34:08 410$ 
000 tron ШІН 10-49 FTI 33:56 3945 
tron eta 1113 15-80 26-61 32125 17:06 
іне ач) [0-73 15:17 esh 31:04 10-83: 
їй ETI) ЕТ 14-59 24-51 In 35.00 
oo omae 2,21 14:03 21-75 2EHT 3410 
0-00 аян 9-57 15:44 22-93 TT 3244 
іні omo ғ 13308 21:16 200 31:9 
ro 0:00 E93 12:64 21:45 26:13 wH 
Ж) езін gon 12:23 2077 2333 Hoe 
Тас т) eo інкі 10-33 1796 21:93 25-45 
(rid o X) 925 1581 19:36 2307 
РГ} "00 Ooo 1412 1112 20-55 
— Zoned ас inadmissible reinforcement percentage. 


TABLE 32 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 


Дат 20 Nimm? 
Jy = 250 Nimm? 
Thine — МІНІ cm 


Нак Нан DHAMETER, mr 
am 5 ü 10 14 16 18 EU zl 25 
3 21:59 36-80 5473 74:05 ізін 00 0-00 Të їч} 
в 1804 31-05 63:53 той 0-00 н} 0-00 
7 its 2685 ? 55-74 ЕТІ! 0-00 Too 0-00 eod 
B 1464 2355 3578 ТЕЗІ 0-00 o0 0-00 OD 
9 те 2114 3107 часа Tias 84-51 "co 000 üt 
10 000 1909 29-05 452 65-89 7801 0-00 ою 
11 000 1741 56-55 УТА aiat Ti 39 BR IB O: 0-00 
14 0-00 Ша, dd Mri 356744 IN 0100 
13 000 2564 HT Set 6316 13:36 82-81 roo 
H 00 138 2109 ағы 5934 0918 78-44 0-00 
13 0:00 12:88 19:74 іт” 46-14 5504 65:41 14:47 Toa 
16 oxi 12:09 15:55 2614 43-71 529] м 0-00 
17 а-а nein 178) TE A143 Srl 8 ETSI 041 
18 0-00 Ой fit 1137 Hn 47-71 56-15 7603 
19 0-00 0-00 1771 3123 4347 53 41:78 Tht 
20 0-66 eon 1495 2-11 1520 41-41 5i 99:14 Wi 
21 iio 0-00 Sir iT 34:13 4156 44 14 STi ETE 
z um 000 11-61 19:28 3169 3984 4721 SSE 6511 
23 0-20 r 1304 FAT 11:34 45-38 5154 E15 
та ооо 5% 12-51 17-73 #14 AMI 30:65 aii 
25 Юю 0-00 1202 17-05 29401 3545 Ar 48:99 жы 
25 ao 000 1157 iol 34-19 30-57 41:24 об 
AT 0-00 0-00 0-00 15-82 2508 23:02 we 45:70 5520 
28 йч 0-00 Tga 39: 3803 44-25 5354 
29 Qno ою 0-00 14:76 2721 їй 3683 42-90 51:97 
2 0400 0500 roo 1428 24741 13-94 2571 4162 30-49 
000 Du ir ігі Zi 15-90 3621 4817 
ай 0:00 000 000 0-00 13:54 ira ты зім 3924 
4% 0400 0-00 іне ою 18753 ма сат 28-72 3319 
Nore — Zeros indicate inadmissible reinforcement регсетаре, 


TABLE 33 FLEXURE —MOMENT OF RESISTANCE OF SLABS, kN.m 


Де 20 Nimmi 
f 20 Namî 


Thicker -- ІЗ cams 


Пи === 
6 a ІШ Hu 16 15 ж) 21 zy 
24-51 Lr 63727 Bh ігек ON) 040 Ісік ОИ 
A 34-40 31:56 7189 115-76 інкі 050 (0-06 e 
Wy UTS 46:54 D üti а! 0-00 
1546 41:12 4724 Нем ги 00 0-00 
0:00 24:16 36581 41-42 КЕ | ом 0-00 
йй аа Af Tl RO IR 104-23 03 048 
И ы 1989 3043 A01 а-ай üü 
ero 18:28 2300 10:17 85:55 92-77 104.83 g 
auo 1691 25-83 Ma: sa бізін тута Er Cr 
oe 1573 24-14 Epi Fi 1 11:18 9120 0500 
ot 8-00 21:59 31'89 53565 615 Wsi 24 10415 
0-00 000 21:22 5n 61:55 та 82:75 
П-И} oto 200] 2B 47-86 Fizi 5-04 79-08 94:93 
0:00 000 18:93 2679 45-40 5539 6567 1547 90-85 
19 0400 ТЕГІ) (7-98 2443 43°18 321713 62-51 ТЕ ТОВ 
ж ініні ініні 1704 2431 4117 кіші ras 89:47 ЕЕ 
Zl con һа 1639 3 43-11 57-51 wri] 
22 060 нікі 15-56 2108 45-11 Ae 6397 Treas 
із 0-00 ой 1490 АМЕ] 36811 чада ЕГЕ 6133 74 #6 
24 von te НЕ AT же ға 11:93 
x шш ою ww SP WM и Bg 
2: 000 000 6-00 19-10 31 FEH 45-51 fis 
zH (не | 000 1747 4413 3163 
із СЮ) roo ою icts TEE 35657 4272 Sai 1-17 
30 ОРО oo ІНІ 16:33 АЙ DG 41-40 ain ж-ш 
35 (її тоа I М М4: 33-83 1-11 31-86 
40 ert {кбй fa її 21:27 DEE 3126] 3728 КЕЗІ 
4% ELI кй ача 19-99 2147 ІН 21 
Кота — Zeros indicate inadmissible reinforcement percentage. 


TABLE 34 FLEXURE — MOMENT OF RESISTANCE OF SLABS, EN.m 


Вла Ban Dramen, ПП 
cm Ё E 10 lz 16 13 A 21 41 
5 2164 ятті Tirso 98764. C0 crx гй 00 Cro 
ё — 2Y16 40:15 ШТІ 1414 13358. 0-00 гй 0-00 Очир 
T 1933 3463 32-68 тұз 18:59 180 19 (ғой (ач) 000 
Ë 0-00 мй i вата ЦЕЛИЯ Lisa roe Очни н} 
9 0-00 27:20 41:55 38:25 94-13 115724. 133-57 0-00 0-00 
10 0-00 24-55 Irs EF: ETIA 105653 12340 13987 0:00 
11 Г 22:38 Mil S630 90-08 97-53 114-12 13074] Cre 
1? їй ЖЕ 11:56 44:49 7465 ЕТ lof ae 1722704 0-00 
ІЗ oi 19-01 ЕЗІ 411724 Баща 4741 99:61 11458 ürüo 
id ou tron 1718 18-41 Mm THF 83-47 107-96 12841 
15 0:09 0-00 2141 3598 айыз TE AE ЕК 19 102-01 121793 
15 0:00 ooo T1 12-21 57:43 Tris Ё1-1Ё a 116021 
17 t-00 ü-00 2151 31-91 $429 65-45 91-83 РЕ 
ik (ж eo пе ; $147 1-08 TFS Eras [05-67 
19 `ü ÜQ 0:00 3» 24-57 ЖЕЗ 6003 TIBI EFAS На 
ai} 0-00 0:00 19:21 27:28 46:63 3725 7314 79-0 9691 
zi 0-00 0-00 44:54 HFT БЕЗІ 76.45 23-065 
2 0300 eno HOO ET #262 за вт ігі ВЕ 
FA 000 eno tn 13182 чо ва Y ari 70751 Br It 
24 2-00 2-00 йн} 33-84 39:24 43-33 37-93 FET 83:06 
25 0500) 0704 eu š arid 46:52 44-78 85-ШІ Birk 
24 0-00 0-00 0-00 21:14 мъ an irag F13 ТТУ 
т йй ürno Ur) AFIT EU 3328 3125 emo 149 
25 wi оя») өк! 19-55 TIET Bo 55 01 Tres 
219 їй 90-00 omo 190 32:74 ШЕБІ 57:14 AFIT 
30 18 | б ATOS 55739 ETH 
ә о ш оо Ta o — 55 4 a 3942 
40 0-00 0-00 ELI] 0-00 Hil 974 ігі 42:36 124 
4% ann 0-00 iho 00 21:41 25754 3rü6 AM яғы 


x 
x 
| 
| 


TABLE 35 FLEXURE— MOMENT OF RESISTANCE OF SLABS, КЧ. 
3 Ka — 20 Nimm 
f, = 413 Nim? 
Thickness = МО ст 
Bas Bax DuTER, mm „Baa Вай ГИАМЕТЕЕ, mm 
em & " 10 12 em 6 " 10 a 
з wh 000 0-00 000 х #03 6-87 НЕЕ e 
L 5 B mr: S iD D D 
" sr 4540 0-00 0-00 23 352 өз м 12-20 
ф FES 13-98 eon Oo м ğü Lu; _ EH | 11775 
10 TH 1279 очю аю š 
и th из ma «ao | >  ф 395 om 1% 
12 6:55 10-92 15:67 аю ті 0-00 5:18 7% 1042 
11 508 19-18 1470 0:00 EH 000 HE a] 10-15 
14 5-67 943 13:83 0-00 L4 FO 284 31 ЖЕТ 
1% 5 Ера 2-07 IT 
и £ ш aM NM жо ур 
k 2 22% dg ee 48 0-00 3:55 4-74 7-46 
19 4:24 EET TET 14:30 
Мати | — Zeroa indicate inadmissible reinforcement. percentage. 
Мота 2 — Bar вра пра below the divkiing line exceed 34, 
TABLE 36 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 
PL За Himm 
fo 415 Nimm? 
Thicknesi = 1150 ст 
BAR DIAMETER, mm Bas Ги; 
cm & Е 10 12 em ñ Ë H n 
5 ши 0-00 0-00 0-00 № 4-54 | Is 
ЕЕ оо 
в 1079 1746 0-00 0-00 23 0-00 P. МУЗ 1397 
9 9-59 1549 0-00 0-00 34 ate 6:45 PH 1346 
10 279 ЕТ HET 0-00 34 inä Š i 
i &4M 1344 19-35 0-00 26 бй 507 0-12 5% 
n 7:40 1244 18-03 0-00 Л м 
13 6:86 1137 16:48 0:00 i 11-7 
14 5:44 20-97 15-5 214 29 0700 Say 8-24 ien 
5 595 ETT T ТІ” | 
0 561 93 14158 it 33 25 pe IM ци 
нш rs uU ms: ю 489 5 d 
8 зат 816 12-04 16-45 45 5a 


Мота 1 — Zeroa indicate inadmissible reinforcement percentage. 
Митт 2 == Bar spacings below ihe dividing line exceed За, 


TABLE 37 FLEXURE—MOMENT OF RESISTANCE OF SLABS, kN.m 


Га == 20 Nim 
| = 415 Nim 

fhiknes = [20cm 

Bag DIAMETER, mm Han Bak Dium, mm 
имане — Ао | Sac, 
5 В 10 12 r 6 Е I їз 

15:41 000 0:00 000 E 0-00 8-59 13:01 1780 
1:47 2525 0:00 000 31 0-00 км IT 1746 
Ілім 221% 0-00 інші Er 0-00 T53 11-92 1628 
1247 19:93 000 0-00 23 0-06 741 11:45 12-77 
10-32 18:01 2576 mun 14 090 THM 1100 13-16 
L el 1642 0 000 23 0-00 Tit 10-39 14:42 
fi кр 15708 2133 оса 26 0-00 ЕСТІ 10-21 14:12. 
12 526 1395 4 2699 21 0-09 6-52 1264 
13 төз 1297 IFES IY 25 0-0 ow 9-53 1320 
id Tis 12:12 ITH из I mpa егіні 9:22 rz 

14 11:37 16:83 22:66 i 
Mo 6 1071 15:90 21-48 = = =s 853 ree 
11 53 ни 1507 2044, 35 odd 0-00. тті 10:76 

18 5%0 9:59 1431 1948 40 0-00 000 & 80 F 
19 п 2312 1353 15-60 4% rs йн 6.07 в 


Коте 1 — Feros indicate lad пае remforcement penceninge. 
Коте 2 — Ваг spacings below the dividing line exceed 34. 


TABLE 38 FLEXURE—MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


Jag ЖІ Moo 
fy 413 Nima 
Тызпент-- [Fam 
Ван Нак DüawETER, mii BAR Нан DIAMETER, men 
ВРАХТНО, —— ———— | Sractwo. 
em Ё B 10 12 16 em 5 10 12 15 
5 Dds 12:65 0-00 GH re 2) 959 1443 1934 FES 
б 1738 28-28 0-00 000 al анн 9-16 1 15900 29-13 
T 1510 2488 Oron ачи 0d Pr] інж "765 1321 18723 287 
Ж 1334 2273 RITE DAH нї 23 (rcx 39 12-54 17-52 27-09 
9 11-95 2801 0:00 DELI 24 нк 8 12-14 FET 2677 
10 1093 14-11 3644 ата ада 25 поп 775 113 18:24 
1 Tg 16:73 2451 3249 121.11) 26 ігікі 746 11-35 15:59 25708 
AM еп 15:46 22:76 30-38 000 z uum T20 ІЗІ 19:18 2411 
13 843 14:16 21:24 28-51 000 ZH 0:00 eos ПЕ 14:66 21:59 
14 Tis i4 Lo ЕТ 000 29 eon 6-72 lgm 14 22-3 
15 1-34 1258 18-72, 25-73 0% 4 "Ti 
16 РЕТ 11-84 Tha? 3404 an зо інін & 5) +a 13776 22 26 
ІТ 4:41 11:19 1673 a ooo 23 ond Ой LEE Г г 15:49 
18 lë 1060 1523 21214 0-00 “п O {К} 1243) т) 1054 1733 
19? 000 pora 1312 3 ж 43 trie Ot м 9-41 13:39 


Коте 1.— £a indicate inadmissibbe reinforcement percentage. 
Кат 2 — Har елігіп below the dividing line exceed 3d. 


74 DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 39 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 


РЕВ METRE 


Kus 20 Moo 
Jy 7415 Мат? 
Thwknem = 140 cm 


Ban Bak LRAMELER, Нан HT: 

TEATINO, r= — SESE ب صصص‎ rami — 
em a 18 12 18 ет 6 ж 19 12 16 
5 1149 3529 йч EU 000 ж uo wW 1585 2 3448 
в 1908 51440 100 йч ТП zl 060 ИН 15:14 2094 33:18 
7 1830 Ze Зи 0100 сю м (ro gSA psg Ard 3197 
B Ін 2447 3526 {Н} 000 3 00 Fi 11551 19:30 aH 
9 Dm 2744 32:06 0-00 0:00 24 00 882 11:37 1857 29709 
10 1185 201-05 2911 3B'94 ою)! 325 000 Eg 12-85 17:89 25550 
H 164 на 2704 a" (ғай 35 000 Fi 1139 1726 ТЕЕ? 
| КЕШЕ] {їкї 21 eri тт ча 1667 ITOD 
13 Tl 15-76 24:42 11-07 0-00 zü 0-00 тй 11755 1512 2518 
4 е 71 2193 0-00 29 он тм 11713 15 2541 
16 T-55 "Dg 19-44 26-80 ro à 
7 0-00 i2 18.40 25-34 9% 3: іне roa 9-14 1109 E 

нж Е 4 non 0-00 #1 = 
B o0 па 14 о по чар 5s  Ш HM BA 


Мота | — Zeros indicate inadmissible reinforcement percentage. 


Май 2 — Bar spacings below the dividing lina exceed 24. 


БЕКЕ АТ. MEMBERS 


75 


TABLE 4) FLEXURE—MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


fac 20 Nimm 
5 = 415 Nisin? 
Thickness = 13-0 cm 


Нақ Нақ Damen, mim 
8 E 10 12 16 ІН 

1 2431 іш егін? сн! 

ж 20-78 miz г} EU gi та 
7 18-01 MOT 43:16 0-00 ok 0-00 
в 1550 1573 : 0-00 йй 0-00 
9 IFI 1406 EV? 840 опа Tü 
10 12:47 HE 32: A03 0:00 0700 
ІІ 1173 mo 59 39:9] 0-00 йй 
12 га 15 2148 97-19 атпа б 
13 10:00 IrIS 25:60 ee mog їй 
14 97311 16:00 2195 12-70 їй gon 
13 ЕТІ [5700 аза) 12-82 йн} roo 
16 ELI 14:11 21:22 29-15 ih її) 
17 (зіні т ми TL 43:25 Do 
18 DELI 12-6 15904 Те 41a 0-00 
19 e TE: 111 21104 39:69 о 
an ex ШЕТ! 17-26 2191 к Ыы eo 
21 aen 10-99: 14-9 ны er 
at (сїй ii гета 14-27 41:27 
Zi rot 9:97 15:14 2107 14:00 355] 
24 00 93 1455 Ari MR nd 
24 пж сезй 14-00 17-32 2:70 JT 3B 
26 (гін EBA 13:48 18-33 Mr 85 жы 
I 0-00 Би | 1301 18-18 28-05 MAS 
zB euo 000 КЕН [7-38 18-77 14-11 
із ex 000 11'15 ITO zT 13:16 
за 000 0-00 11"77 16:48 17-09 1124 
35 (ү on i 10:18 14:20 irp 28:29 
40 0:00 000: ЕЗ 12-44 RE 2818 
4% го Гг] 0:00 1123 19-81 тц 


Nove | — Zeros indicate inadminsble reinforcement percentage. 
Коте 2 — Bar spacings below the dividing line exceed Xd. 


76 БЕЗ в вила TUR REI|NEORCED CU RETT. 


TABLE 41 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


= 20 Nimmi 
f, =415 Njime? 
Thickness — 17-5 cm 


Най Ban Danteren, mim 
SPACING, 
cm d B 19 ІШ 16 18 20 
& hi 46-09 її DELI аа üt 
ü за PIE ébr ii ата exi 0-00 coe 
7 2156 25-55 Sri» 000 000 зік 000 
8 LEÊ iran P TR. ТЕК ім 0300 000 
9 Ve 29-09 antag азы 9-00 Û 2-00 
19 1542 2540 3929 53221 0-00 0% 0:00 
11 мй? 14-15 36-10 49-18 6-00 йй non 
ił 12-91 21325 4550 Po 0:09 0-00 
13 117 20-94 31:05 Hd 0-00 0-00 
14 odo 19:34 | IF 62:74 ою eau) 
15 аян 18-02 2733 37-63 3p-52 üw оғдо 
16 gü 16-94 25чы 14:42 56:39 Ta grün 
17 000 15-99 2424 3364 5332 84% 000 
ІН 006 18:13 | M95 EE врат 0-00 
19 04€ 14:37 21:84 м1 auia E roo 
ж йи} 13:67 1 я 4491 000 
E 000 ine IFET TFT ЕП 41%! ono 
13 очи 12:47 990] 58 Lis 5171 000 
23 000 1194 18-23 FEET 41-9 57-43 
ы 0700 {кой 17:58 24752 17 #817 53487 
15 m NI oro nm 2 T8 ай 4647 îîî 
26 000 0-06 | 22°75 ты ATO? 5124 
27 000 (0-00 214% 3641 41:65 
33 rm O 15:10 AH 1525 ягни ағым 
19 2-00 ii ТЕ 20:53 3416 41-07 TBE 
n ELE o-oo 1413 19-88 IPI TE 45-54 
2 06 оо ша рен 24-82 Mees зі 
45 0:00 0-00 tron 2244 В 2780 3186 


FLEXURAL MEMBERS | T 


TABLE 42 FLEXURE— MOMENT OF RESISTANCE OF SLABS, kN.m 


METRE 
ы = 20 Nimm 
Ў, = 415 Nimm? 
Thickness == 0 cm 

ЗғАСІРИІ, س‎ 

em Š Е 10 ІЗ 16 18 20 гі 23 

ма яны | інші 0:00 і 
ізін М ЕЖ моле о ош g 
T 154 аз 6541 8472 pe 0-00 їй} FID 0:00 
в II 38:07 56 16-29 e 0-00 інк 000 
ә 1989 1413 жет с» 19 ою axxo іне 0.00 LU 
ю 1797 x91 4658 63:43 0:00 на 0:00 {ч ono 
H 1632 28213 4154 18:46 0-00 їй бф Ds їчї 
ою 25-04 3939 344 25-18 оо а tron aW 
13 0-00 24-13 ЕТЕГІ 30-50 ari} ov) 0700 t0 ою 
М 0-00 2248 3407 4127 75770 üü eno (8% üü 
13 IE 2144 3193 44-43 Tia arg Онар eno tii 
16 irn ар) ё 80-28 1211) ooo 000 
17 4. 1 244 396. e. тб ra її FOO 
18 17-55 ; de 61-56 түп Ой йч 0:20 
19 нк 167 2447 35:78 70-12 000 0-00 інжі 
Mi інк Ісім Mai 3412 36325 67-14 TT-B0 üM) інкі 
21 ни ою 1:24 ты 419 on 7444 on) 0-00 
= Ика] нж : 3122 ET 1 па а guo 
n oo üw 21-0 29чы TT 3586 Mr | x 
ЗА oo 000 20745 28-77 42:03 та 67:41 TEIE FOO 
25 ою 0-00 19-66 TM а&з1 45:74 65-21 1424 0-00 
26 üt 0-00 18:94 2667 SFE & 14 72094 0-00 
Fr 000 іню 18:26 24:74 4311 52:16 61:18 6-93 i TH 
5 0-00 0-00 17-61 шағы ШІ-73 жуз 59-36 67-95 аз 
0-00 жм 174 24-05 418-09 53 бейт ла 
E 0-00 0-00 1449 2318 319 4754 55-99 EPI 0-00 
33 000 000 m Га ню 41-41 } пера 67:44 
LU DIKI: id | 17-65 T 43 йан 60:67 
45 0-00 0-00 іе 1276 24-48 3290 39-16 45:54 5541 

Кота — Zeros indicate inadmissible reinforcement percentage. 


7B DESIGN AIDS FOR REIMPORCED CONCRETE 


TABLE 43 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 


اف 
- 
L|‏ 
bis‏ 


i 
"1 


23 


22 


" 38888 
= E 
E 
| titi 


mE" 


33442-25 


ИЕ ШШ 


dog 
Кен 50955 


E22 БЕРЕ 


929595 massa 


58586 


РЕВЕ SCESE PEELE 38888 ТЕРГЕ 


ы ЖЖ Же EEE 


s 
sett 
im 
tas 


БЕ 
4344: 


AARAA 


SEES 
#388 | 


999% 


TABLE 4 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m 
PER METRE WIDTH 
fa = 20 Nimm 
f, = 415 Nimmi: 
Thicknem = 290 em 


Dan Паң Гиямктін, men ` 
Звдспна, ; - - - - — 
cm ё H 10 12 16 15 3 22 25 
_ шм тегі 11181 от re 000 000 000 сю 
й 21778 64:56 9175 123704. 0-00 Oo ін BM 0:00 
т BP 33-58 ENES 113-88 0-00 0-00 060 agi 0-00 
я #4 454] THI 0179 0-00 еба її 000 0:00 
я шы 44:21 i i 9197 0-00 іне өне Bon 0-00 
p roo Pint ary ағы 13356 (üm йй OO DELI 
H нж 36:52 55:43 TP 01 1224; 009 іне 0:00 0-00 
1 se T5 E 7120 IFS} ПЕД інжі 000 и) 
13 i 3111 42-40 55-20 108-14 1299 0-0 0-00 ex 
14 28-96 44-19 61-55 161-61 11-41 0-00 060 eon 
15 tro) 2708 а 58:01 05-80 11487 13) T інкі gx 
të 0-00 253413 38-9 44:63 БІ 125-68 інкі (+ 
17 0-00 0:00 36-74 5155 8591 10380 1218: 0:00 5-00 
ІН 0-00 6-00 34-78 48-95 ЖІЗТІ 98-73 115-64 noc DXX 
19 aX 0-00 3312. #6712 9428 110770 12655 інж 
m ооо e 21-43 44-12 74:25 20-21 106-14 121:65 0:00 
21 0-00 а-ға Meg 42-11 71:19 BAA? 101:93 ит TH 
21 2-00 6440 24-7 40-49 Бита | 9:03 112-84 ТЕГІ 
23 на өнімі 47-47 &5:55 THER 94-40 10887 a 
24 [Ыы 28-14 1747 Terk? 911 105:16 
15 ін eno 15-11 LES 80:72 24:12 B7 HH TE) 12156 
26 й-б ct 24-25 ЕТЕГІ 48-57 71:84 84:04 речі 117-08. 
m 0-00 ою HM 56-56 09-10 #2: 19 95:34 [14:55 
м 0:00 o0 090 12:14 54-88 55-02 тона 9248 11:31 
29 2-00 ою 0 11708 52-0 RI The 89:72 108-24 
0.00 050 10508 31728 62:83 14:89 #7: 15 105-33 
2 ‚+. ткм й-б} жет 4417 54:53 55:20 ТЕГІН 
е 000 000 0-00 19-09 48-15 TTI 67-62 32-78 
45 оо (еее ü-00 оле HH 43:10 4176 Gp TR 74:70 


Bü Е DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 45 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 


REINFORCED SECTIONS 
ek = 15 Кай 
рт 230 Nimm 
"T aid = 0705 d'id = 010 did = 0-15 ги = 0m 
в чм а —.з г 
Nimm P Р. г. г. P ^ г. 5 
rm 1322 0002 1332 0003 13 0003 1-323 0001 
1-25 1:227 0-007 1328 0-008 1-328 0-008 1-28 0109 
г 1:351 0032 1383 0034 1155 0-05 1:357 ox 
“ы 1176 0-057 1379 09091 1-52 пн 1:386 0068 
та 1400 IEE 1404 1-і09 0-092 1413 0098 
2-45 1:42 0-107 1430 "113 1436 ta 1:443 0128 
2:50 Hu or l: $18 1-463 0148 1472 0-157 
i35 1472 0157 1431 0166 IFW 0-176 1:301 0:187 
22 14%7 очка 1-535 ü-192 1:517 0-204. 1-338 2:217 
1 ri 0-207 1512 0219 гы 273 1-558 0:246 
im 1-545 0232 [518 0-245 ІНІ 0-280 1:387 i276 
214 1-568 0257 1:583 772 1:599 0-2ЕЕ 1-16 0-305 
20 1-593 6-232 1-609 0-208 12€ 0:315 1445 ГЕТ 
244 ЕТІ 0:307 1634 i 1-57 1:073 0-355 
290 1642 0:312 1-560 0351 1680 p 1.702 re 
294 1666 0:357 1485 037 1:707 еме Uo оғы 
200 1-690 0-382 1711 ! 17734 0427 1760 очы 
rh 1714 0:407 1-736 0-430 1761 0455 1:788 0431 
3.10 1739 0:432 1762 0-436 ПШ па 817 0-313 
3-19 1-76 0:437 1:788 0482 1415 0:511 1846 0:541 
3:20 I-77 idi 1-813 О-у 1:842 (зе 1875 0-572 
3:23 1811 0-307 ЖЕП 075335 1:869 0-17 1803 ümit 
30 1235 0:312 | DF 1896 rios 1343 0:612. 
3:35 j-E5n 0:337 1 0-5 1-923 0623 е Он | 
Tan 1884 582 1915 0-14 130 trist l tren] 
3-45 1908 0-607 1941 0:641 1477 0-78 ЗИВ 
70 1-912 08-632 0 2004 07006 21447 өлі 
NS ош ош о ME MM M 
144 1004 0707 2 0-746 2086 0-790 EE 0839 
эт 2025 от 1-069 0:773 ЕДІН 0-818 oad? 
3-15 205) 0757 2:094 oT 2-40 0844 219 0:899 
290 1-078 p7 2:120 0-834 2167 0874 i20 Uva 
383 2-00 (ШТ 2 E EF 54 нда 24 3 
T 21% 0-12 1 DEI 221 0-230 TIU Opes 
ым 21% 0-877 2196 0904 2248 09% | 
400 2174 (ER 2212 i311 2275 0984 TM t 
405 FIL 0-907 2I 0977 1013 T еп 
4- 2: 0-932 1273 0-43 T 1041 231 T 106 
415 147 0937 ғ гон 1356 1059 1411 1136 
«2 221 oan рам 1 238 Tr 24% 4 
425 1296 1:007 119 1:06 14 1124 2478 1-195 
+» rim 1037 1375 1-089 2437 1133 2-507 1224 
434 зы 107 225 1114 Тава 1-181 2-534 ТЕТІ) 
1358 1982 t 1:143 2401 1:209 2-565 Ган 


CED SECTI 

Ja = 20 На! 

"іі Nimmt 
мълча Фи = өн Ғы = 010 d'id = 015 d'id = (20 
MW д Р ^ Р, №: P ñ P 
259 1783 0005 1763 0005 1765 (006 1766 іне 
ма 1-769 0010 170 ool ТЕЛ 0011 ТЇ 0012 
310 Leni LE 155 0058 ҮҮ 0072 
3-15 Үні 1 Ка 1852 0406 1-858 (Т 
320 i BÊ Ot 137 0117 1879 (124 1-886 0132 
324 1-821 0-135 1-898 1906 (r152 15915 0162 
PM ТЕТІ 07162 1903 i171 1933 Oriel 14 0192 
3:34 КЕТТІ 1-349 0-197 1380 0-209 1-973 
140 19483 0:212 1914 1:987 FHT 2-001 
3:44 1947 D» iN 2:000 2014 0-255 24100 
1-50 2012 0243 2:006 0:277 2041 0-4 2059 0312 
345 (FZBH 2161 | 2068 0-2 іні 0: 
360 16060 0:313 247 0-350 240M 0-350 2116 0372 
3-65 той 0338 2:102 35? 2122 0178 245 0402 
370 2108 озы 2:128 0384 2-149 іе 24174 0432 
375 1133 0-39 2153 ой 1177 0434 D:463 
үш 157 0-414 1179 2-204 0453 221 0-492 
EE 2:181 0437 гхи 0464 2231 07-491 F 07523 
144 2:206 2230 1258 0:519 1I 03552 
3-84 р 0-4 2156 QU 1'285 0-547 1318 err 
440 Р 0:515 27281 Ian 0576 ты 0-52 
1% lu 0565 > 931 338 0-632 cun oars 
4-15 258 2358 2591 оғы ето 
An 351 0-616 THI | 245] 08731 
425 im 0-541 24m @-&77 Er: ont 2-490 0761. 
4:30 T 0-86 003 2474 1744 1819 091 
4:33 2423 BRE 2460 EET OTT) 248 
4-40 2447 0717 та ors? 2528 oan PET 0-351 
4-46 ATA 0:742. Ell en 78S fr HEPI Sut Dr ЕП 
4-58 14905 0767 > 0-810 21582 058 1634 0%11 
455 1520 0793 2 жаю 0-886 146 0341 
450 1:344 0818 2: 0:85 2-637 0-014 TETI 0971 
4-65 2568 0843 2613 C890 2-654 0-942. IT 1201 

7 249 ERE 1639 0517 2-491 КЕЛ! 2-49 1031 

4:75 rely mis : 0-943 2-718 0399 1778 1:061 
E. Pel 0919 Pie (0970 вм 1027 2506 1:091 
das 2465 rS 2:716 0-557 rU 155 28335 1121 
4:90 ag des + іздіз 27% 14083 аб 1151 
54 ИЯ 0-995 3781 10 1:12 1801 1181 
Кі Tis 1020 £ 1077 2851 1:140 iq i21 
5405 2:767 1:045 181 1:103 2380 1-168 2350 1:241 
$10 FTE 1070 > ШЕТ 2-907 1-195 19% 1271 
3:15 FHI [O 1157 2834 1-215 US 1304 


TABLE 47 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 
SECTIONS 


fu = 25 immi 

fy = 250 N manh 
i НА Р, г Pe n г. ^ ғ, 
3:73 2302 pa I (нан 2-200 (Юз 220 
3713 2212 інді 2413 [К ГЕ iz üii 114 Psp 
3-B0 01-018 2238: U EEO 2140 Um 5 
183 M (їйї 21454 0067 I5] ami z 
3390 өз 7289 (ЧЕ 21294 0-100 1300 106 
ін 2009 0-115 1315 121 ә 0-138 2-179 (r136 
#00 23313 0140 2340 0-148 2349 0167 
4 2357 0164 0174 2-375 (0-18 2317 187 
4" 2351 ED Fi 0:202 2401 0:21 24415 0227 
A15 2446 O21 2417 к DpH i248 
420 2-430 PHI 2441 0256 0271 2-473 288 
434 2444 0-28 РИТА 0-283 2484 0-298 2-502 (31H 
430 ТӨТЕ 2-44 0-310 2:411 (328 2-130 EFT: 
4:34 2302 0:319 Fell 0337 0-356 1-558 iT 
440 2427 PETE 2-845 tr364 2-555 (325 2-948 rn 
445 24541 фута ата 3% j 0414 21-617 0439 
450 2515 (r395 1596 йат 2619 2-645 0470 
4-55 2499 0-421 2:621 0444. 646 oar TETA 0-500 
A80 7:623 Q7 2447 ТҮЗІ 24473 27703 030 
4-55 2-648 FAT 1:073 її 0323 азы 0-361 
470 0458 2-69 0:525 iT FFI 2 0-591 
4-71 2 0-523 2724 0:552 1 өн 2 0-21 
яза i Oe Fur 0:979 Fi 511 Tij: 02-621 
484 0-574 2714 pais 1809 ыз oj 
490 2769 0600 TB 0531 2:836 Qm ТЕН 6/712 
444 2793 інші ЕД (бй 2 0:699 X904 0742 
5430 TEJ? (061 2:B51 0537 1-80 0:727 291 ü 
305 ] FETE fare 0714 75917 0.236 ажа 
510 е? 2901 ік хан 0.784 2590 B-3 
$15 2924 0764 2:971 üti 3015 Иш] 
520 2-014 (5743 2:954. iF TOE 1090 0-B41 3048 0894 
5725 тж ПЕ тапта 2:823. 1-Е е күт] 3 (77 Gras 
530 6r 0:804 TOOT PES 3052 0898 3-105 i955 
5-35 298 FEI 1030 0-Е75 3079 0-327 тім 95985 
5240 TOI! 0:855 1456 0-902 3106 0:955 3163 1015 
3245 14814 FERO 3081 0529 1133 0-384 тіз Pas 
5-50 1-059 0-006 3107 0:956 160 14412 3220 На 
5-54 $041 "БЕП 3133 0-383 3187 1941 239 І:106 
1.60 308 0-947 3158 1010 1214 TOT 3 1:136 
3453 31132 [ШЕЛ 3184 10127 30242 1098 337 1:167 
5-70 3155 1004 3209 1:064 88 1117 3335 497 
4-75 3180 1013 3133 1091 3396 1135 3364 1227 
На Ме 125 ШЕ n» Ін 2 тта 
4% 325 1110 3311 1172 1377 1:241 3450 1318 


FLERUHAL MSIE Е 


TABLE 48 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 
REINFORCED SECTIONS 


fa = JÎ Nimm’ 

майки, did = O05 Фа = 010 d'id = O15 d'id = (20 

PF P Fy n А Pa Р; Fe 

448 2445 0005 1444 2646 000% 14645 0005 
1353 не ш ІН ЕЕ to ie см 
4-50 2-703 0067 3-706 9-97 2-710 0074 2-714 aoa 
464 LTEM res 27M Q0 ru 0-104 ім} 0:110 
470 гім 0119 2-747 124 TT 0/133 IT 0-141 
415 Lye 144 1-1%} 0:152 2T3 0161 1301 0-171 
in 0:10 0180 TRIE gro 2529 0292 
2124 0196 TEH 0-207 INS 0:219 гад 9233 
4-90 TES orn 2859 021 2:972 0-243 FE iT 0263 
A 1872 07243 RAS | Е атт 1916 0:294 
500 0271 2-011 rat 0.306 зы 323 
549 2411 (298 TO 0116 2-944 0334 2473 0353 
8410 2-945 0325 2962 (7141 TORI 0:367 1002 0.386 
$15 2969 0351 1-587 0:370 008 (192 зам 0417 
5-20 0-377 14413 OSE 34015 (41 1459 (7447 

5-24 7017 мг 3038 0415 3042 пы 3038 0 
EE] 3042 0:428 3-054 0:442 КИТ 1417 ама 
515 3:056 0454 TOES 0:479 3116 0501 140 7-79 
3-40 34 0:480 31145 0506 3143 0-516 Ti D-570 
5345 тін жм э 054 +i 0565 TH 0:600 
5-50 3138 0:231 3-165 08551 1197 ағы 1234 631! 
$55 3183 0:457 y ET 3:224 0-21 1:261 0552 
5 TIET 0382 3217 0615 Tid 0-652 3289 0-690 
541 8211 aus FHJ 0-43 3:278 oreo ПЕ. 0-723 
3:70 3215 (735 3268 0-67 3304 0709 3347 0-754 
5-15 3259 0-660 TIN gas 332 06-71% 1376 уты 
5-60 зы. 0-686 3319 0-724 3319 TET хам 0815 
5:85 3353 020-712 3344 0-752 33AT (F Tas 3411 ir Rss 
son FIR 729 3371 oT» 7414 тк 3462 rî 
595 33% 0764 3396 0-805 FHI gu33 жэ сй? 
6-00 3-331 TË 3422 RU 1-468 EENEI 1419 0-337 
£05 14045 0-815 1447 rey 1 405 0911 348 0:968 
eia 3-429 O- E41 3473 1522. жата gua 1-571 бін 
614 1451 1498 0915 кыз 0969 3' 606 1029 
610 3-477 0-593 33234 3476 odd TEH 12060 
623 31502 їй 3549 0-068 увоз 1:006 Thi 1031 
630 rh 0-944 373 0-927 УЕЗ) 1:055 3-591 1121 
614 yi 0970 3501 1024 347 1004 3721 1132 
640 ұя 099% T7626 1:051 164 1-113 3749 1:182 
ба 3598 rem 3652 14073 ГЕЛ! 1142 718 ЕТ! 
I 3 19947 3677 106 3754 1471 3'807 1:344 
"e 7647 i073 3701 1-133 3705 1199 1826 1274 
3 poss 3728 1160 1792 1-228 ETT 1-305 
бі 3 1:125 3754 1187 34819 1:257 3381 1-336 


DEMON AIDS FOR REPMFORCHD CONCRETE 


= 


TABLE 49 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 
SECTIONS 


REINFORCED SEL 

fa = 15Nimm 
f, = 415 Nimmi! 

ыша did = 005 d'id = tr10 їй = tr15 did = 020 

"d B = E " 
rn F, Р, қ m Р, ғ, Р, Р, 

208 0:719 0003 0720 ачз 0720 0-003 00M 
2:00 tr 734 e TS 0726. FDO ü T OL 
230 0-744 іі FT очы 0159 0045 0050 
2 D-7RÀ tros PEI 073 0:79 0-080 іст (rods 
240 0813 0-009 (rêlê 0-196 0 834 ons 0831 0127 
20 ыз 0-129 0:849 0138 EST 0150 0864 05166 
2-60 (n 0160 ово 0170 oss 0185 аю 0208 
теті 07 AI ür 1590 quin Dr 4 пе мъ =н ч FIA 
280 05325 220 THI (2M 0954 255 0282 
2190 re 01%) ет (ЯТ ОП ШЕТ 0290 1*4. 0321 
300 oss р 280 T 2 1020 0323 103# obo 
310 1017 0311 гом @-331 1:052 КЕТ Ds 
329 1046 341 [054 0:363 14785 0-395 1-108 DAE 
Ұз 14075 FYI Las 0-395 1:117 0430 0476 
1-49 1104 nent [125 0-227 i150 0465 1477 0913 
1 F 0422 1:157 0-00 1183 0300 1212 0554 
3 rig eel EL 0491 1214 FS 1345 0:591 
3 |. tr 171% 0534 12248 PIN 1241 ҮН! 
EE 1°221 0522 124 0-556 ЕТІ аю 1316 TO 
19 1:750 pea |2 MERA 1513 0641 1350 (NM 
аға 1-773 mant ET 6-61 1:346 DET ДЕТІ бетй 
410 1309 0613 pM 0:683 1378 0:711 1420 OTST 
430 1338 Dist 1372 BES 14411 0:746 1454 ЕН 
430 1367 0673 15403 0717 1:443 0781 1:439 um 
4:40 1-326 ТОЛ 1434. r Tf 1:376 RIK 173524. (езді 
+30 1425 оты 1465 өлі 1508 Т 1-558 0942 
460 1455 оты 1493 MEIE 134! 0 885 1-59) 0980 
+70 454 0794 26 0 1-574 0921 1-627 1919 
4-60 1-413 0-824 1:517 oars 1% 0955 1662 1048 
490 1342 0-855 1:588 0910 1639 өн 15697 1497 
300 1471 ogas 1619 өмі 1672 1028 1:731 1136 
3:10 1600 0315 1 174 1961 1:756 1134 
32m 1:630 0945 1630 1:007 МЕТ) үзі 1:80] 1:213 
ғи peso 0473 1711 19 1780 173 1433 1252 
30 тения 1 1742 1071 1312 116% 1-570 ДЕТТІ 
559 1717 1035 1-77) ЕТІ pagas 1 г 1329 
ею 1146 1065 ЕЗІ 1126 1867 1 1339 1368 
£M ras 1095 [:834 1168 1 1271 1974 1m 

ya 1805 171 12865 1200 1932 1306 2:008 1 

5%) 1834 r1 [Hos 1232 141 2441 | 
ею 1363 1-187 pH 1204 1:258 1376 2078 1323 
610 1-892 1217 1-247 1-296 24000 idi 2412 1-562 
620 1431 1247 ETT. 3063 1 2-147 1801 
630 1958 1278 2018 ETT 1005 1481 2182 1-640 
640 1960 1308 2050 133 2128 1517 2116 1-678 
85 


TABLE 50 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 


- ка = 001 Pid = O10 
Tm: Р; Р. А Р. 
in ET іні ARR 204 
240 ty 0042 о-в 0-05 
3% 1015 (HOTZ 1025 0477 
rio 1033 0103 1000 (109 
rm 1084 13% 1491 0142 
уж 1113 rie tin 0-174 
3-40 1142 о-ы 1452 0207 
y50 1171 озы 14183 0239 
140 1200 0:255 1214 FMI 

1230 (таз 1243 0-304 
Үк i 0-315 1276 0335 
m um uU i» wm 
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3. COMPRESSION MEMBERS 


3.1 AXIALLY LOADED COMPRESSION 
MEMBERS 


All compression members are to be designed 
for a minimum eccentricity of load in two 
principal directions. Clause 24.4 of the Code 
specifies the following minimum  eccentri- 
City, emin for the design of columns: 


1 ‚р Е v" 
ётїа== (ду T зо subject to a minimum of 
2 cm. 
where 


1 is the unsupported length of the column 
(see 24.1.3 of the Code for definition of 
unsupported length), and 

Dis the latera! dimension of the column 
in the direction under consideration. 


After determining the eccentricity, the section 
should be designed for combined axial load 
and bending (see 3.2). However, as a simplifi- 
cation, when the value of the minimum 
eccentricity calculated as above is less than or 
equal to 0:050, 38.3 of the Code permits 
the design of short axially loaded compression 
membeis by the following equation: 


Pyu=0°4 fek Ас- 0-67 fy Ах 
where 


Pu is the axial load (ultimate), 
Ас is the area of concrete, and 
Asc is the area of reinforcement. 


The above equation can be written as 
4. 
Pu = 0°4 fek ( A, — 5%) + 0°67 fy 


where 


pA, 
100 


Ag is the gross area of cross section, and 
p is the percentage of reinforcement. 


Dividing both sides by Ag, 


Pu 0. _ p. з P 


= 04 fa + 160 (0-67 f, — 0-4 fa) 

Charts 24 to 26 can be used for designing 
short columns in accordance with the above 
equations. In the lower section of these 
charts, Р./А; has been plotted against 
1einforcement percentage p for different 
grades of concrete. If the cross section of 
the column is known, Р./ A, can be calculated 
and the reinforcement percentage read from 
the chart. In the upper section of the charts, 
Pu/ Ag is plotted against Pu for various values 
of Ag. The combined use of the upper and 
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lower sections would eliminate the need for 
any calculation. This is particularly useful 
as an aid for deciding the sizes of columns 
at the preliminary design stage of multi- 
storeyed buildings. 


Example 5  Axially Loaded Column 


Determine the cross section and the 
reinforcement required for an axially loaded 
columr with the following data: 


Factored load 3 000 kN 

Concrete grade M20 

Characteristic strength of 415 N/mm? 
reinforcement 

Unsupported length of 30 т 
column 


The cross-sectional dimensions required will 
depend on the percentage of reinforcement. 
Assuming 1:0 percent reinforcement and 
referring to Chart 25, 


Required cross-sectional area of column, 
Ag = 2700 cm? 

Provide a section of 60 x 45 cm. 

60 х 45 
100 

== 27 cm? 


Area of reinforcement, 4; = 1:0 x 


We have to check whether the minimum 
eccentricity to be considered is within 0:05 
times the lateral dimensions of the column. 
In the direction of longer dimension, 


l D 
Өтіп = 500. + 30 
_ 3010: 


60 0622022 


ог, €min/ D = 2:6/60 = 0:043 


In the direction of the shorter dimension, 
3:0 x 10? 45 : 
fma == — + 39 7906 + 13 
= 2:1 cm 
or, €min/b шш 2:1/45 -— 0:047 


The minimum eccentricity ratio is less than 
0:05 in both directions. Hence the design of 
the section by the simplified method of 38.3 
of the Code is valid. 


3.2 COMBINED AXIAL LOAD AND 


UNIAXIAL BENDING 


As already mentioned in 3./, all com- 
pression members should be designed for 
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minimum eccentricity of load. It should 
always be ensured that the section is designed 
for a moment which is not less than that due 
to the prescribed minimum eccentricity. 


3.2.1 Assumptiohs—Assumptions (a), (с), 
(d) and (e) for flexural members (see 2.1) 
are also applicable to members subjected 
to combined axial load and bending. The 
assumption (b) that the maximum strain 
in concrete at the outermost compression 
fibre is 0-003 5 is also applicable when the 
neutral axis lies within the section and in the 
limiting case when the neutral axis lies along 
one edge of the section; in the latter case 
the strain varies from 0-003 5 at the highly 


compressed edge to zero at the opposite 
edge. For purely axiak compression, the 
strain is assumed to be uniformly equal 
to 0002 across the section [see 38.1(а) of the 
Code]. The strain distribution lines for these 
two cases intersect each other at a depth of 
ЭР from the highly compressed edge. This 
point is assumed to act as a fulcrum for the 
strain distribution line when the neutral 
axis lies outside the section (see Fig. 7). This 
leads to the assumption that the strain at 
the highly compressed edge is 0-003 5 minus 
0°75 times the strain at the least compressed 
edge [see 38.1(b) of the Code]. 


d ч = == wb wa w us 96 че w чн 


CENTRODAL AXIS 


HIGHLY COMPRESSED 
EDGE 


ith ROW OF REINFORCEMENT 


STRAIN DIAGRAMS 
0. 0035 


Neutral axis 
within the section 


0-002 Neutral axis 


outside the section 
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3.2.2 Stress Block Parameters When the 
Neutral Axis Lies Outside the Section — When 
the neutral axis lies outside the section, 
the shape of the stress block will Бе аз indi- 
cated in Fig. 8. The stress is uniformly 


0:446 fex for а distance of 3р from the highly 


compressed edge because the strain is more 
than 0-002 and thereafter the stress diagram 
is parabolic. 


STRAIN DIAGRAM 


| PARABOLA 


0-446 tun 
STRESS DIAGRAM 


Fic. 8 STRESS BLOCK WHEN THE NEUTRAL 
Axis Lies OUTSIDE THE SECTION 


Let xa = kD and let g be the difference 
between the stre;s at the highly compressed 
edge and the stress at the least compressed 
edge. Considering the geometric properties 
of a parabola, 


--[5] 


= 0446/4 ( (= жэ) 
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Area of stress block 


= 0-446 for D- ${ + D) 


4 
3; 8? 
4( 4 ү 
= 0:446 fix D [i- n 3) | 
The centroid of the stress block will be 


found by taking moments about the highly 
compressed edge. 


= 0:446 fa D — 


Moment about the highly compressed edge 
D 4 


м! 


= 0446 fa 2" - 2, gD" 


The position of the centroid is obtained by 
dividing the moment by the area. For differ- 
ent values of k, the area of stress block and 
the position of its centroid are given in 
Table Н. 


TABLE H STRESS BLOCK PARAMETERS 
WHEN THE NEUTRAL AXIS LIES OUTSIDE 


THE SECTION 
(Clause 3.2.2) 
k ха АКВА OF STRESS DISTANCE ОР CENTROID 
xz Brock FROM HIGHLY 
COMPRESSED EDGE 
(1) (2) (3) 
1:00 0:361 к р 0416 D 
1:05 0:374 к D 0:432 D 
1:10 0:384 fck D 09:443 D 
1:20 0:399 fek D 0:458 D 
1:30 Kk D 0468 D 
1:40 0:417 fek р 0475 D 
1:50 0:422 fck р 0:480 D 
2-00 0-435 fek D 0-491 D 
2:50 0:440 fck D 0.495 D 
3:00 0:442 fck р 0:497 D 
4:00 0:444 fck D 0:499 D 


Nors — Values of stress block parameters have 
been tabulated for values of k up to 4:00 for informa- 
tion only. For construction of interaction di 


lagrams 
it is generally adequate to consider values of k up to 


about 1:2. 


3.2.3 Construction of Interaction Diagram — 
Design charts for combined axial compression 
EA bending are given in the form of inter- 

n diagrams in which curves for Py/bDfx 
ым M.jbD* fa are plotted for different 
values of р/к, where p is the reinforcement 
percentage. 


101 


3.2.3.1 For the case of purely axial com- 
pression, the points plotted on the y-axis 
of the charts are obtained as follows: 

Pu= 0:446 fabd + E (Ле — 0:446 fax) 


100 ря (fie — 0:446 fax) 


where 


Же is the compressive stress in steel corres- 
ponding to a strain of 0:002. 


The second term within parenthesis repre- 
sents the deduction for the concrete replaced 
by the reinforcement bars. This term is 
usually neglected for canvenience. However, 
as a better approximation, a constant value 
corresponding to concrete grade M20 has 
been used in the present work, so that the 
error is negligibly small over the range of 
concrete mixes normally used. An accurate 
consideration of this term will necessitate 

the preparation of separate Charts for each 
` grade of concrete, which is not considered 
worthwhile. 


3.2.3.2 When bending moments are also 
acting in addition to axial load, the points 
for plotting the Charts are obtained by 
assuming different positions of neutral axis. 
For each position of neutral axis, the strain 
distribution across the section and the 
stress block parameters are determined as 
explained earlier. The stresses in the rein- 
forcement are also calculated from the 
known strains. Thereafter the resultant axial 
force and the moment about the centroid 
of the section are calculated as follows: 


a) When the neutral axis lies outside the 
section 


P. = Cy fabD + yen. (fifa) 
i=! 


where 


C, = coefficient for the area of stress 
block to be taken from Table H 
(see 3.2.2); 


Pi -2 where Ан is the area of rein- 
forcement in the ith row; 


Ја = stress in Ше ith row of reinforce- 
ment, compression being positive 
and tension being negative; 

Ja = stress in concrete at the level of 
the ith row of reinforcement; and 

n = number of rows of reinforcement. 


The above expression can be written as 


n 
дърт © “Уы (a fa) 
i= 
Taking moment of the forces about the 
centroid of the section, 

M. = C, fx bD ($-c» ) 
п 

+ W Ë 2 (Ki 


i=] 


— fayi 


where 


C,D is the distance of the centroid of the 
concrete stress block, measured from 
the highly compressed edge; and 


у 15 the distance from the centroid of the 
section to the ith row of reinforce- 
ment; positive towards the highly 
compressed edge and negative to- 
wards the least comptiessed edge. 


Dividing both sides of the equation by 


fe bD*, 


Mi 


+ Ави = (2) 


b) When the neutral axis lies within the 
section 


In this case, the stress block parameters 
are simpler and they can be directly incorpora- 
ted into the expressions which are otherwise 
same as for the earlier case. Thus we get the 
following expressions: 


n 
Р, 
xp 036 k + 2 1007, Vi — fo) 
г 
M. 


JabDi- = 036 (0-5 — 0-416 k) 


n 
T У тты ОЗ - fa) ( 3) 


г 
where 


ра. Depth of neutral axis 
D 
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Ап approximation is made for the value 
of fei for M20, as in the case of 3.2.3.1. For 
circular sections the procedure is same as 
above, except that the stress block para- 
meters given earlier are not applicable; 
hence the section is divided into strips and 
summation is done for determining the 
forces and moments due to the stresses in 
concrete. 


3.2.3.3 Charts for compression with bending — 
Charts for rectangular sections have been 
given for reinforcement on two sides (Charts 
27 to 38) and for reinforcement on four 
sides (Charts 39 to 50). 'The Charts for the 
latter case have been prepared for a section 
with 20 bars equally distributed on all sides, 
but they can be used without significant 
error for any other number of bars (greater 
than 8) provided the bars are distributed 
equally on the four sides. The Charts for 
circular section (Charts 51 to 62) have been 
prepared for a section with 8 bars, but they 
can generally be used for sections with any 
number of bars but not less than 6. Charts 
have been given for three grades of steel 
and four values of d'/D for each case men- 
tioned above. 


The dotted lines in these charts indicate 
the stress in the bars nearest to the tension 
face of the member. The line for ДА. = 0 
indicates that the neutral axis lies along the 
outermost row of reinforcement. For points 
lying above this line on the Chart, all the 
bars in the section will be in compression. 
The line for Ди = Да indicates that the 
outermost tension reinforcement reaches the 
design yield strength. For points below this 
line, the outermost tension reinforcement 
undergoes inelastic deformation while succes- 
sive inner rows may reach a stress of Да. 
It should be noted that all these stress values 
are at the failure condition corresponding 
to the limit state of collapse and not at work- 
ing loads. 


3.2.3.4 Charts for tension with bending — 
These Charts are extensions of the Charts 
for compression with bending. Points for 
plotting these Charts are obtained by assum- 
ing low values of К in the expressions given 
earlier. For the case of purely axial tension, 


PoP qs.‏ ے 
Р, 1007 (0°87 fy)‏ 
Ра р Е‏ 
fa Бр = под (0877)‏ 
Charts 66 to 75 are given for rectangular‏ 
sections with reinforcement on two sides‏ 
and Charts 76 to 85 are for reinforcement‏ 


on four sides. It should be noted that these 
charts are meant for strength calculations 
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only; they do not take into account crack 
control which may be important for tension 
members. 


Example 6 Square Column with Uniaxial 


Bending 


Determine the reinforcement to be provided 
in а. square column subjected to uniaxial 
bending, with the following data: 


Size of column 45 x 45cm 

Concrete mix M 25 

Characteristic strength of 415 N/mm? 
reinforcement 


Factored load 2 500 KN 
(characteristic load 
multiplied by yr) 

Factored moment 200 kN.m 


Arrangement of | 
reinforcement: (a) On two sides 


(b) On four sides 


(Assume moment due to minimum eccentri- 
city to be less than the actual moment). 


Assuming 25 mm bars with 40 mm cover, 
d' = 40 + 12:5 == 52:5 mm = 5:25 ст 
d'|D = 5:25/45 = 0:12 

Charts for d’/D == 0:15 will be used 

Pa 2 500 x 103 | 
fx 8D = 35x 45х45 x = 0494 
Мо 200 х 10% 
Бъри = 255454545108 — 0088 
a) Reinforcement on two sides, 
Referring to Chart 33, 
plfek = 0:09 
Percentage of reinforcement, 
p = 0:09 x 25 = 2:25 
As = p bD/100 = 2:25 x 45 x 45/100 
= 45°56 cm? 
b) Reinforcement on four sides 
from Chart 45, 
Pife = 0°10 
p = 0:10 x 25 = 2:5 
As = 2:5 x 45 х 45/100 = 50:63 cm? 


Example 7 Circular Column with Uniaxial 
Bending 


Determine the reinforcement to be pro- 
vided in a circular column with the following 
data: 


Diameter of column 50 cm 

Grade of concrete M 20 

Characteristic strength 250 N/mm? for 

of reinforcement bars up to 
20 mm¢ 
240 N/mm? for 

bars over 
20 mm ¢ 
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Factored load 
Factored moment 
Lateral reinforcement: 


(a) Hoop reinforcement 
(b) Helical reinforcement 


(Assume moment due to minimum eccentri- 
city to be less than the actual moment). 


Assuming 25 mm bars with 40 mm cover, 
d' = 40 x 12:5 = 52:5 mm = 5:25 cm 
d'[D = 525/50 = 0:105 
Charts for d'/D = 0:10 will be used. 


(a) Column with hoop reinforcement 


1 600 x 10? 


Ja Dî "е 30 x 50 x 50 x 10: 032 
M. ]25 x 10% re 
fa Dš ” 20x 50 x 50 x 50 x 10° ^ 


Referring to Chart 52, for fy = 250 N/mm? 
р/к = 0:87 
р = 0:87 х 20 = 1°74 
А, = pr D?/400 
= 1:74 x w x 50 х 50/400 == 34:16 cm? 


For fy == 240 N/mm?, 
As = 34:16 x 250/240 = 35:58 cm? 


(b) Column with Helical Reinforcement 


According to 38.4 of the Code, the strength 
of a compression member with helical re- 
inforcement is 1:05 times the strength of a 
similar member with lateral ties. Therefore, 
the given load and moment should be divided 
by 1:05 before referring to the chart. 


Hence, 
Ра 0:32 _ п. 
a P: = LS = 0:305 
Ma 0:05 2 
Жу Dr роз ОО 


From Chart 52, for f, = 250 N/mm?, 


As = 1:56 x x x 50 x 50/406 
== 30:63 cm? 
For fy = 240 N/mm!?, А, = 30:63 х 250/240 
= 31:91 cm? 


According to 38.4.1 of the Code the ratio 
of the volume of helical reinforcement to the 
volume of the core shall not be less than 
0:36 (44 — 1) fa [fy where Ag is the 
gross area of the section and Ас is the area 
of the core measured to the outside diameter 
of the helix. Assuming 8 mm dia bars for the 
helix, 
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Core diameter = 50 —2 (4:0 — 0:8) 
= 43:6 cm 

Ag] Ac = 503/43:63 = 1:315 

0:36 (AJ Ac — 1) А 
== 0:36 x 0:315 x 20/250 
= 0:0091 


Volume of helical reinforcement 
Volume of core 


= Amr .(42:8) = 0:09 Asn 
+ (43-6) за i: 


where, As is the area of the bar forming 
the helix and sh is the pitch of the helix. 
In order to satisfy the codal requirement, 


0:09 A;n/s5 > 0:0091 
For 8 mm dia bar, А = 0:503 cm? 
ee 0:09 x 0:503 
> 0:0091 
^ «497cm 


33 COMPRESSION MEMBERS SUB- 
JECT TO BIAXIAL BENDING 


Exact design. of members subject to axial 
load and biaxial bending is extremely 
laborious. Therefore, the Code permits the 
design of such members by the following 
equation: 


Ge) ^а 
Max, Muy; 
here 


Mux, Muy are the moments about x and y 
axes respectively due to design loads, 
Mux, Muy, are the maximum uniaxial 
moment capacities with an axial load 
Pu, bending about x and y axes res- 
pectively, and 

оСа is an exponent whose value depends оп 


Р.Р. (see table below) where 
Poz = 0°45 а Ac + 0:75 f, As: 
Pal Ри ‘Ln 
«0:2 10 
208 2:0 
For intermediate values, linear interpo- 


lation may be done. Chart 63 can be used 
for evaluating Pu;. 


For different values of Py/Puz, the appro- 
priate value of оса has been taken and curves 
for the equation 


Mux Cn Muy Cn А 
( м.) + ( a) = 1:0 have been 
plotted in Chart 64. 
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Example 8 Rectangular Column with Biaxial 
Bending 


Determine the reinforcement to be pro- 
vided in a short column subjected to biaxial 
bending, with the following data: 


Size of column 40 x 60 cm 

Concrete mix MIS 

Characteristic strength 415 N/mm? 
of reinforcement 

Factored load, Ра 1 600 kN 

Factored moment acting 120 kN 
parallel to the largec 


dimension, Мох 

Factored moment acting 90 kN 
parallel to the shorter 
dimension, Muy 


Moments due to minimum eccentricity are 
less than the values given above. 


Reinforcement is distributed equally on 
four sides. 


As a first trial assume the reinforcement 
percentage, р--1:2 
р{/{ж = 1:2/15 = 0:08 


Uniaxial moment capacity of the section 
about xx-axis: 
س‎ == 0:087 5 


d'ÍD = 60 
Chart for 4/0 = 0:1 will be used. 


1 600 x 105 
Polfa bD = туу 40 x 60 x Ки 
Referring to Chart 44, ` 
Мык bD? = 0:09 
Mux, = 0:09 x 15 х 40 x 60% x 103/108 
= 19444 КМ.т 
Uniaxial moment capacity of the section 
about yy-axis: 
ар = 5:25 


— — xz 0:131 
Chart for 4 = 0:15 will be used. 


5:25 


zm 0:444 


40 


Referring to Chart 45, 
M.lfs| bD? == 0:083 


Му же ():083 x 15 x 60 x40? x 103/108 
= 119:52 kN.m 
Calculation of Puz: 


Referring to Chart 63 corresponding to 
p = 12, fy = 415 and fu = 15, 


да = 103 N/mm? 
103/103 KN 
= 2 472 КМ 
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Ра 
Pa 
Mex 


1 600 : 


чу j 
e to Chart 64, the permissible value 
of е. =, corresponding to the above values 


gs 
of Mey, and $> 


— is equal to 0°58. 


The actual value of 0:617 is only slightly 
higher than the value read from the Chart. 
This can be made up by slight increase in 
reinforcement. 


dius 12 ×0 x = 28-8 cm? 
12 bars of 18 mm will give АД, ==30-53 сп? 
Reinforcement percentage provided, 
30:53 х 100 _ 1-27 

60 х40 


With this percentage, the section may be 
rechecked as follows: 


p fs. == 1:27/15 == 0:084 7 
Referring to Char? 44, 


р = 


Ja bD 
Mux, = 0:095 x 15 x 40 x60? x 10/108 
= 2052 kN.m 


Referring to Chart 45 
м, | 


Mon = 0:085 x 15 x 60 x 40? x 103/106 
= 122-4 kN.m 
Referring to Chart 63, 
= = 10:4 N/mm? 
Paz = 10:4 x 60 x 40 x 102/103 
= 2 496 kN 


Pu/ Pu: = 5500 sa ():641 


Мы М = 120 — 0:585 


205.2 


90 
Мау/ Му, == 122-4 = 0: 735 


Referring to Chart 64, 
аре to the above values of 


and P the permissible value of 
1 


Max; 
Hence the section is О.К. 
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3.4 SLENDER COMPRESSION 
MEMBERS 


la ley 
When the slenderness ratio E or — of 


a compression member E 12, 
considered to be a slender compression 
member (see 24.1.2 of the Code); lex and key 
being the effective lengths with respect to 
the major axis and minor axis respectively. 
When a compression member is slender with 
respect to the major: axis, an additional 
moment Мах given by the following equation 
(modified as indicated later) should be 
taken into account in the design (see 38.7.1 
of the Code): 


ELE) 
200 D , 
Similarly, if the column is slender about the 


minor axis an additional moment May should 
be considered. 


P, b (1, 
Mx = 
` 2 20001 =) 
The expressions for the additional moments 


can be written in the form of eccentricities 
of load, as follows: 


Мах = Pu Cax 


Ми 


where 
2 D (lY 
Ж = 30 | 5.) 
ax 1 lex * 
ж. = wr) 


Table í gives the values 


Cax ёзу 


D or Cb for 


different values of slenderness ratio. 


TABLE I ADDITIONAL ECCENTRICITY FOR 
SLENDER COMPRESSION MEMBERS 


(Clause 3.4) 
Lal D ғах/ MD €ax/D 
or or or or 
leyl b e ау/ b Lyl b еву/ b 
(1) (2) (3) (4) 
12 0:072 25 0:313 
13 0:085 30 0:450 
14 0:098 35 0:613 
15 0:113 0-800 
16 0:128 45 1:013 
17 0:145 50 1:250 
18 0:162 55 1:513 
19 0181 60 1:800 
20 0:200 
106 


it is 


In accordance with 38.7.1.1 of the Code, 
the additional moments may be reduced by 
the multiplying factor k given below: 


Ра — Pa. 
k = px uu med 


where 


Paz = 0:45 Дх 4& + 0'75 f А», which 
may be obtained from Chart 63, and Pp is the 
axial load corresponding to the condition of 
maximum compressive strain of 0:003 5 
in concrete and tensile strain of 0:002 in 
outermost layer of tension steel. 


Though this modification is optional ac- 
cording to the Code, it should always be 
taken advantage of, since the value of k 
could be substantially less than unity. 

The value of Py will depend on arrangement 
of reinforcement and the cover ratio d'/D, 
in addition to the grades of concrete and 
steel. The values of the coefficients required 
for evaluating Рь for various cases are given 
in Table 60. The values given in Table 60 
are based on the same assumptions as for 
members with axial load and uniaxial bending. 

The expression for k can be written as 
follows: 


pals Pal Роз 


= RUP 


Chart 65 can be used for finding the ratio 
of k after calculating the ratios Pu/Pyz and 
Р v/ P, и? 


<! 


Example 9 Slender Column (with biaxial 
bending) 


Determine the reinforcement required for 
a column which is restrained against sway, 
with the following data: 


Size of column 40 x 30 cm 
Concrete grade M 30 
Characteristic strength 415 N/mm? 
of reinforcement 
Effective length for 6:0 m 
bending parallel to 
larger dimension, (ех 
Effective length for 50m 
bending parallel to 
shorter dimension, ley 
Unsupported length 70m 
Factored load 1 500 KN 


Factored moment in the 40 kN.m at top 
direction of larger and 22°5 kN.m 
dimension at bottom 
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Factored moment in the 
direction of shorter 
dimension 


30kN.m at top 
and 20 kN.m 
at bottom 


The column is bent in double curvature. 
Reinforcement will be distributed equally 
on four sides. 


dex 60 х 100 _ Е 
= а, = 150 > 12 
ly _ 50x10 ,. 
› 7" ^" 167 > 12 


Therefore the column is slender about 
both the axes. 


From Table I, 


For ^ zx 15, е,/ = 07113 


For fey 


b 
Additional moments: 


== 16:7, ey/b = 0:140 


Мах = Puex = 1 500 х0-1 13 x on ==67°8kN.m 
May = Puey = 1 500 x0:14 x 29-630 kN.m 


The above moments will have to be reduced 
in accordance with 38.7.1.1 of the Code; 
but multiplication factors can be evaluated 
only if the reinforcement is known. 


For first trial, assume р == 3:0 (with reinforce- 
ment equally on all the four sides). 


Ag = 40 х 30 = 1200 cm? 
From Chart 63, Puz/Ag = 22:5 N/mm? 
`. Ри 2255 x 1200 x 107/103 =2 700 КМ 
Calculation of Py: 
Assuming 25 mm dia bars with 40 mm cover 


d'|D (about xx-axis) = м = 0:13 
Chart or Table for 4/4 =a 0:15 will be 
used. 
5°25 
Chart or Table for 44 = 0:20 will be 
used. 


From Table 60, 
Py (about xx-axis) = ( k, + ke P 


Sex 
(0196 + 0:203 x 5б) 
30 


x 30 x 30 x 40 x 102/10? 
= -779 kN 


d'|D (about yy-axis) 


\лаьр 


Pox = 


COMPRESSION MEMBERS 


Py (about yy-axis) = (0-184 + _ ( 
x 40 x 30 x 30 
x 102/105 
Poy == 672 КМ 
ода Paz Ра _ 270 — 1500 
“у Ра: — Pox 2700 - 779 
= 0:625 
к — Ра- Pu 2100—1500 
Y Р. — Poy 2700 — 672 
= 0:592 


The additional moments calculated earlier, 
и now be multiplied by Ше above values 
of К. 


ax = 67'8 x 0°625 = 42:4 kN.m 
Мау = 630 x 0:592 = 37:3 kN.m 


The additional moments due to slenderness 
effects should be added to the initial moments 
after modifying the initial moments as 
follows (see Note 1 under 38.7.1 of the Code): 


Мьх= (0:6 x 40 — 0:4 x 22:5) 2150 kN.m 
Muy= (0:6 х 30 — 0:4 х 20) = 10:0 kN.m 


The above actual moments should be com- 
pared with those calculated from minimum 
eccentricity consideration (see 24.4 of the 
Code) and greater value is to be taken as the 
initial moment for adding the additional 
moments. 


1 D 70 4 .. 
^ = 500 + зр 7599 T 39 272 от 


1 Ь 700 , 30 
^ 506 + 39 = 500 T 30 


Both e, and ey are greater than 20 cm. 


= 2:4 cm 


Moments due to minimum eccentricity: 


273 _ x. 
Mu = 1500 x 100 = 41:0 kN.m 
> 15:0 kN.m 
2:4 
May = ] 500 x Joo = 360 kN.m 
> 10:0 kN.m 


Total moments for which the column 
is to be designed are: 


Max = 410 + 42-4 = 83:4 kN.m 
Moy = 36:0 + 37:3 = 73-3 kN.m 


The section is to be checked for biaxial 
bending. 


3 
Polfa bD 1500 x 10 


— 30x 30 x40 x 10: 
= 0:417 
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plfa = 30 = = 0:10 


Referring to Eus 45 (d'/D = 0:15), 
Мух БР? = 0:104 
Мъж = 0:104 x 30 x 30 x 40 x 40 x 
103/106 
== 149:8 kN.m 


Referring to Chart 46 (d'/D == 0:20), 
Мак ӘР? = 0:096 


Muy, = 0:096 x 30 x 40 x 30 х 30 x 
103/108 
zx 1037 КМ.т 
Mux 
Ma 


108 


Muy 733 


May, T 103-7 = 071 
Paf Puz = ДЕ... = 0'56 


Referring to Chart 64, the maximum allow- 
able value of Mal Moxa corresponding to the 
above values of Muy/Muy; and Pu/Puz is 0:58 
which is slightly higher than the actual value 
of 0:56. The assumed reinforcement of 3:0 
percent is therefore satisfactory. 


== pbD/100 = 3:0 x 30 x 40/100 
== 36:0 cm? 
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Chart 24 AXIAL COMPRESSION 


|, = 250 N/mm 


LOAD P. kN 


Ë 


REINFORCEMENT PERCENTAGE 
100 Ag/Ag 
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LOAD Py, kN 


REINFORCEMENT PERCENTAGE 


Chart 25 AXIAL COMPRESSION 


f, 415 N/mm? 
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Chart 26 AXIAL COMPRESSION 


'39Y1N32Hd3d ЕТЕ ЕЕ 


Pu/ À 9" N/mm 


P. ta bD 


Chart 27 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 


M, /t, bo" 
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Chart 28 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 
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Chart 29 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 


РИ „0 


M, | fu bD* 
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Chart 30 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 


ТАЛ 


0 0-05 010 0415 0.20 026 
м/с” 


115 


Chart 31 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 
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Chart 32 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally an Two Sides 
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Chart 33 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 


1:4 ne > قا سس سے‎ шш 
TTTTTTTTITE ШИШИ Б ‚= 415 N/mm | d/o = 0-15 
| | Coe 


Ам an : 
i ч as 

м, иш 

в = = ы 

m " 


ва. CER. CN 


k= 
1-0 NM " 


LLLLELLLLLLLLLLLLL ا‎ 
ННН 

s... H 
LLLELLLLLLLL НТ | 


0:9 E. M I M.L 
ima Ik wis 


CATET PTI] 
ш” аш» dB". SR" аш аннан 


ih шь в 
NONN. и | 
к: -Hz 
k | 
0-8 ean, Uh ч "ЯП = 


ЕР 


ТТТ 
LITMLLLLLLLLLL 


шь m m. UN g к 
See wm k'ik ee L Sk 
Г | Win. тик NÉ WR UN 
0:7 | B NR АА 
КГ ею ты. тазала.” 
К CHHSERT MR. ГР 
D TELTE اڪ‎ EE TA wm. m 
АА TW АЫ ЧАГА 

0.& LAL SAL А 
TINI | W ча: мые 
ГТА SE А Ы 1 МЕГАН 
T KI TW T ли ТЕ АРЕСТЕ 


|! 

W. WR. "8k. NCAA ha СА, ЧУЕН 

0:5 "Bi воле ek oh ШЕТ ала: ГАМА т 
ылан ызала dre Ce tee Eh oh Coc 
ri | EI fal ie |e É та hk ГА IIIIII 
ққ Ne Nee КАРА 
м ТМ IIT, 
0. БА еек АА AN АС 
" 


в 
а 
= 
в 
ü 
ш 
= 
= 
E 
A. 


T 
1. 
a 
3 
LI. 
Е 
= 
= 
жиш 
в 
L- 
ü 
е 
= 
n 
h 


= 
ый 
11 
& 
" 
^ 


1" 482^ ee ee 


а 
т 
B. 

"WA 
B 
T 
һ 


ы-ы а SSRs EN №, 


P, /t. во 


Nees "am 
ELA TLL 


A TB ap ЕТ SERRE 


ннан i 
BEES III PLL TU mu 


ТТТІШЕІІТІІ! 


I II TIPE LI IIT l ll ill 
LT ТТИ ili 


начал k ша ша VEN IN YIL WA чыш) 

NEUTER BENE ча та ас но 

Ва ВЕ оз въ енча чаги БРЕ ча за лак 

А МАЛА Tek 

ee а, пача a 

ee, ti А Wm Vek IN T т 

Ek вазата, те FE ы,і 

== шй Cm ША 
ша mi 

" 


BEBE SERRE ees i SREY 
= 


III See Bee esi LL, 
ТЕР 


эй 


С.3 


= 
ап 
LL] 
чи 
i's 
ач 
m 
En 
та 


EENEEEZGUENMENEIBCT -г-- 


See te IIMS 


sa ЕЕ 


ы 
SS жыла шы шыш uma шын шш шш ШЕШ sm CAR Dem mmm me 


Se g a 
m 
= 
пи 
Ls 
h 
е 
| 


ke "a EZE Ez ER lal ااا‎ 


” 
a 
А 
Ë 
= 
m 
" 
k 
1 
үлі 
Е 
w" 
BI 
a 
F 
‚ш 
m 
m 
F 


SLL 


at 


LI PK |!!! || 

ы t e H j i H 
РӘТ 
BENEKESEHBNHEHEZ: NEN 
ПпІТІТТІТІТІІІІТІТІТІІ 
ГТТІТЕІТІТТІТІТІПТІІІІТІТІІ 


L| 
a 
Е 
Б 
Е 
а 
m 
m 
F. 
a 
n 
я 


ШП. "ШИЮ. =i 
SII ы ГГ 

B» Ri rmasaEER 
инь “SHEERS 


Г 
| 
m 
Fi 
a 


iE 


ч 
E 


съ 
е 
ce 
Lr 
e 
c 
mn 
e 
in 


118 | DESIGN AIDS FOR REINFORCED CONCRETE 


Chart 34 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides - 
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Chart 35 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 
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Chart 36 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforeement Distributed Equally an Two Sides 
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Chart 37 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 


E ف بق د‎ á 


ee ee ee ee L يغ‎ 


P, /t. bD 


122 DESIGN AIDS POR REINFORCED CONCRETE 


АМЕ DF i 


500 Nimm? 


| ty 


шин шшщ и STE шшш 
BEE ТТГ 


EE 


Chart 38 COMPRESSION WITH BENDIN G — Rectangular 


Section — Reinforcement Distributed Equally on Two Sides 
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Chart 39 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 40 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 41 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 42 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 44 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 


HH HH: EL 


P, /t.,bD 


и pe: 
ШЕШЕНЕП Е 


ОТТЕ ЕНІНІҢ 
НЕЕ 


ЧТО = 0:15 
А, spbD/100 


AXIS OF BENDIMG 


ITT. 

запавиланоговиваване ax Annan НЕ m 

ТТУ ГУТ ТТИ НЫ 
ГЕТЕ Г УЕ ТИ | ——— 
а Lem 
РОВС (CT T T Le || | | صصص‎ 
| Nu Lae 
| маи. “= ЕНЕ 
] BETIE 


I m 


1 
| 


у= 415 N/mm 
--- 


ШШЕ 
E іне 
1 атқ "LLLI TRE | 
тар ыт А — 
SEES ПЕЛЕНИН > 


= 


ш 
= 
mi 

ш шшш БИШЕ 

= 
ë 
L 
LI. 
ше 
E 
ng 
2 
= 
LI 
іш 
= 
= 
= 
Ме. 
a 
‘= 
ч! 
к" 
Жа 
B 
" 
к 
а. 
- 
x 
А 
a. 
= 
k 
n. 
= 
" 


ма 

L їн 

SEE БЕ LLL] 
іш 
Е 
|. 
w 
= 
a 
= 
Е 
= 
= 
ш 
m 
= 
и 
= 
` 
T 
а 
а 

A 

m 
ш 
` 
ь 
тш 
N 
А 
= 
ч 
"m 

AR X ГҮ. 


BEE a ИПИ 
ЕНЕБЕНЕБЕНШЕР ا ا اسشا‎ | Ом 

Е III SE” aE 
ЗАБАВА II ПА ПРИ И LE 
ПЕ ГЫ 2 a 
НУ üE”. и, 
LIILLLLELLLLL LR 


Хр 
BH 


LIS LS -LLJ 
шалшалғы 


тш ш ш ш 
шлш. sm чш 


S AS щам 


в ТІР "ТИИТ 
eL LLLLLLLL: 


1 


ай 
ЕР 
4 
ar 
/ 
б” 
Ры 
Е 


палав чаган 
си. mmm 


ЯШР. 
“se 
fi 
gm 
в. 
AM 
EF 


L^ 


[T1 2: j ИШ ИШ | 
EBE Ez: Es ЕНШ Ez Es El: 


arth OF ВЕ МГИМО 


S528 
Se 
ва ал Zü SE к өш в дА 
Ns ШЕ БЕЛЕ Sm ЕЛ BN ËB 


ЕНЕ 
REENETCHESERSEREER звосовае 
Е ТРЕ 
НЕНЕН 

“ГТ НЕННЕ НЕЕ 


|] 
E 
ER 
a 
Ё 
й 
a 
a 
B 
L| 
М 
ЦЕ 
RE 
|| 


pen з ku аш 
апана а 
запиша 


ПОПКЕ ООО И eee LLT 
| |] |] ТТ r Ге Гы 
у | ШЕВ" и... | 


| Ler | ШЕР” Ы-ЫЫ 
ПТУ ТУТ УТУ Сум ТР P all" aa ВРЕТ 
EBBEBEEBBEESSSEBESEETZSESERRENEBPENRWHBE"! 8 ЩЕ а 1 
ТАТРЕ ЯНЕ ATE LEET 


КЕГЕ 


[| 

+ 
тту ЕН - 
Е 


0-1 
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Chart 47 COMPRESSION WITH BENDING — Rectangular 


Section — Reinforcement Distributed Equally on Four Sides 
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Chart 48 COMPRESSION WITH BENDING —Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 49 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 50 COMPRESSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 51 COMPRESSION WITH BENDING — Circular Section 
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Chart 52 COMPRESSION WITH BENDING — Circular Section 
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Chart 53 COMPRESSION WITH BENDING — Circular Section 
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Chart 54 COMPRESSION WITH BENDING — Circular Section 
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Chart 55 COMPRESSION WITH BENDING — Circular Section 
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Chart 56 COMPRESSION WITH BENDING — Circular Section 
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Chart 57 COMPRESSION WITH BENDING — Circular Section 
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Chart 58 COMPRESSION WITH BENDING — Circular Section 
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Chart 59 COMPRESSION WITH BENDING — Circular Section 
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Chart 60 COMPRESSION WITH BENDING — Circular Section 
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Chart 61 COMPRESSION WITH BENDING — Circular Section 
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Chart 62 COMPRESSION WITH BENDING — Circular Section 
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Chart 63 VALUES OF Put for COMPRESSION MEMBERS 
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Chart 64 BIAXIAL BENDING IN COMPRESSION MEMBERS 
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Chart 65 SLENDER COMPRESSION MEMBERS — 
Multiplying Factor k for Additional Moments 
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Chart 67 TENSION WITH SENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 
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Chart 69 TENSION 


ш 
" 
h 
ü 
k. 
ь 
a 
м. 
Е 
E 
ч 
j 
m 
ка 
a 
ш 


02" *1/"4 


DESIGN AIDS POR REINFORCED CONCRETE 


М. к bO 


forcement Distributed Equally on Two Sides 


Вен 


Chart 70 TENSION WITH BENDING — Rectangular 
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Chart 72 TENSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 
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Chart 73 TENSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Two Sides 
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Chart 76 TENSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 78 TENSION WITH . BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 79 TENSION WITH SENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 80 TENSION WITH SENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Chart 81 TENSION WITH SENDING — Rectangular 
— Reinforcement Distributed Equally on Four Sides 
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Chart 82 TENSION WITH BENDING — Rectangular 
Section — Reinforcement Distributed Equally on Four Sides 
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Section — Reinforcement Distributed Equally on Four Sides 
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Section — Reinforcement Distributed Equally on Four Sides 


ТА bD 


M, И bD' 


| 
| 
ii 


T—Tr—1— 


+ 
— 
Г 
| 
f 
E 
| 
| 


= AIG OF BENDING 


DEON Alps FOR REINFORCED CONCRETE 


170 


TABLE 60 SLENDER COMPRESSION MEMBERS — VALUES OF P, 


Rectangular Sections: 

Рук bD = ky + Курк 
Circular Sections: 

Ра? = ky koplfa 


Values of Ё, 
Section @/D 
—mO n F —— MÀ 
0-05 0:10 0-15 0-20 
Rectangular 0:219 0:207 0:196 0:184 
Circular 0:172 0-160 0-149 0:138 
Values of ke 
Section diD 
r—— [Ya 
Nimm? 0-05 010 0-15 0-20 
Rectangular; equal reinforcement оп 250 —0-045 —0-045 --0:045 —0-045 
two opposite sides 415 0-096 0-082 0-046 — 0022 
500 0:213 0173 0:104 —0001 
Rectangular; equal reinforcement оп 250 0:215 0:146 0-061 —0-011 
four sides 415 0424 0:328 0-203 0-028 
500 0:545 0425 0256 0-040 
Circular 250 0-193 0:148 0077 — 0-020 
415 0410 0-323 0201 0:036 
0-543 0443 0291 0056 
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4. SHEAR AND TORSION 


4.1 DESIGN SHEAR STRENGTH OF 
CONCRETE 


"The design shear strength of concrete is 
given in Table 13 of the Code. The values 
given in the Code are based on the following 
equation: 


0:85 у 08 fx (у 1+5 В- 1) 
Тс = —— a 
68 
where 
В =0°8 {,/6°89 pu, but not less than 1:0, 
and р: = 100 Ast/bwd. 


The value of тг corresponding to р, varying 
from 0:20 to 3:00 at intervals of 0:10 are given 
in Table 61 for different grades of concrete. 


42 NOMINAL SHEAR STRESS 


The nominal shear stress ty is calculated 
by the following equation: 


Ра 
v= pi 


where 


У, is the shear force. 


When ту exceeds то, shear reinforcement 
should be provided for carrying a shear 
equal to И. — re bd. The shear stress ту should 
not in any case exceed the values of тс, тах, 
given in Table J. (If ту> тсутах, the section 
is to be redesigned.) 


TABLE J MAXIMUM SHEAR STRESS <c,max 
M15 M20 M25 M30 M35 M40 
25 28 31 35 37 40 


CONCRETE GRADE 


te, max, N/mmt 


43 SHEAR REINFORCEMENT 

The design shear strength of vertical 
stirrups is given by the following equation: 
0:87 А, 


Sv 


Vus = 


where 


Aw is the total cross sectional area of 
the vertical legs of the stirrups, and 


5у is the spacing (pitch) of the stirrups. 
The shear strength expressed as Vus/d are given 


in Table 62 for different diameters and 
spacings of stirrups, for two grades of steel. 


SHEAR AND TORSION 


For a series of inclined stirrups, the value 
of Ија for vertical stirrups should be 
multiplied by (ѕіпос + cosoc) where ос is 
the angle between the inclined stirrups and 
the axis of the member. The multiplying 
factor works out to 1°41 and 1°37 for 45° 
and 60° angles respectively. 


For a bent up bar, 
Va = 0:87 f, А» sin ос 


Values of Vus for different sizes ОГ bars, 
bent up at 45? and 60? to the axis of the 
member are given in Table 63 for two grades 
of steel. 


44 TORSION 


Separate Charts or Tables are not given 
for torsion. The method of design for torsion 
is based on the calculation of an equivalent 
shear force and an equivalent bending 
moment. After determining these, some of 
the Charts and Tables for shear and flexure 
can be used. The method of design for 
torsion is illustrated in Example 11. 


Example 10 Shear 


Determine the shear reinforcement (vertical 
stirrups) required for a beam section with 
the following data: 


Beam size 30 x 60cm 
Depth of beam 60 cm 
Concrete grade M 15 


Characteristic strength 250 N/mm? 
of stirrup reinforcement 
Tensile reinforcement 0:8 
percentage 
Factored shear force, V. 180 КМ 


Assuming 25 mm dia bars with 25 mm cover, 
d = 60 — 2 — 2.5 = 5625 cm 
V. 180 x 103 


bd 3055625 x 102 
= 1:07 N/ mmš 


Shear stress, ту = 


From Table J for MIS, Temar = 2:5 N/mm? 
ty is less than <с,шах 


From Table 61, for Р,<-0:8, тс=0:55 N/mm? 


Shear capacity of concrete section = те bd 
= 0:55 x 30 x 56:25 x 102/103--928 КМ 
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Shear to be carried by stirrups, Vas == V, —tebd 


= 180 - 928 = 872 kN 
Vos = E72. = 1:55 kN 
"d 3625 = и 


Referring to Table 62, for steel f, =250 N/mm?. 
Provide 8 mm diameter two legged vertical 
stirrups at 14 cm spacing. 


س —— — 


Example 11 Torsion 


Determine the reinforcements required for 
a rectangular beam section with the following 
data: 


Size of the beam 30 x 60 ст 

Concrete grade M 15 

Characteristic strength 415 N/mm? 
of steel 

Factored shear force 95 kN 

Factored torsional 45kN.m 
moment 

Factored bending moment 115 kN.m 


Assuming 25 mm dia bars with 25 mm cover, 
d = 6 - 25—22 = 5625 ст 
Equivalent shear, 
T 
у) 


= 

Equivalent shear stress. 
Ve 335 x 10? Е а 

== ba = 30x 3625 y 108 7 139 Nimm 
From Table J, for M15, тс, ах = 2:5 N/mm? 


туе 15 less than тс.тах; hence the section does 
not require revision. 


From Table 61, for an assumed value of 
Pr = 0:5. 

te = 0:46 N/mm? < тус. 
Hence longitudinal and transverse reinforce- 
ments are to be designed Longitudinal 


reinforcement (see 40.4.2 of the Code): 
Equivalent bending moment, 


Ме = Mut М, 
Ta (1 + ры 
cusan poo 


= 95--240 = 335 КМ 


z 15 + 45 (1+ за) л7 


= 115 + 794 
= 1944 kN.m 


Malba? — „ „44> 10° ___ 2:05 N/mm? 


30 x (56:25) x 10 
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Referring to Table 1, 
M.lbd: == 2:05 


ри = 0:708 
Ам = 0°708 x 30 x 56:25/100 = 11:95 cm? 


Provide 4 bars of 20 mm dia (А = 12°56 cm?) 
on the flexural tensile face. As М, is less 
than Mu, we need not consider Me, according 
to 40.4.2.1 of the Code. Therefore, provide 
only two bars of 12 mm dia on the compres- 
sion face, one bar being at each corner. 


As the depth of the beam is more than 


45 cm, side face reinforcement of 0:05 percent 
on each side is to be provided (see 25.5.1.7 


PARAR це deo 


and 25.5.1.3 of the Code). Providing one 
bar at the middle of each side, 


corresponding to 


Spacing of Баг = 53:4/2 = 267 cm 
0:05 x 30 x 26°7 
100 
= 0°40 cm? 
Provide one bar of 12 mm dia on each side. 


Transverse reinforcement (see 40.4.3 of the 
Code): 


Area of two legs of the stirrup should satisfy 
the following: 


Area required for each bar= 


Т.5, Ра Sv 


= bid, (0°87 f) +254, (0:87 fy) 


STIRRUP 


У,=56ст 


a ——— M 


——2,928 cm 
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Assuming diameter of stirrups as 10 mm 


d, = 60 — (2:5 + 1:0) —(2°5+-0°6) == 53:4 cm 

b, = 30 — 2 (2:5 + L0) = 23 ст 
Aw (0877) _ 45 x 108 
Sy 23 x 534 x 10% 
95 x 10: 

+5334 x 10 x 10 w 366:4 + 71:2 

= 437-6 N/mm 

== 4-38 kN/cm 


Area of all the legs of the stirrup should 
satisfy the condition that 4,,/5, should not 


(уе 395 
be less than 0877 
From Table 61, for tensile reinforcement 


percentage of 0°71, the value of <ç is 0°53 
N/mm? 


= m. = (те — т«)) 
w (199 — 0°53) 
10 


= 438 N/mm =4-38 kN/cm 


SHEAR AND TORSION 


МотЕ--Н is only a coincidence that the values of 
Азу (0:87 fy)/Sv calculated by the two equa- 
tions are the same. 


Referring Table 62 (for f, = 415 N/mm’). 


Provide 10 mm. $ two legged stirrups at 
12:5 cm spacing. 


According to 25.5.1.7(a) of the Code, the 
spacing of stirrups shall not A 
(x, + у,)/4 and 300 mm, where x, an 


are the short and long dimensions of 44 
stirrup. 


x, = 30 ¬ 2(2:5 — 0:5) = 26 cm 
y, = 60 — 2(2:5 ¬ 0:5) = 56 cm 
Са + у)/4 = (26 + 56)/4 = 20:5 cm 


10 mm ф two legged stirru 


at 12:5 cm 
spacing will satisfy all the cod 


requirements. 
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TABLE 61 
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TABLE 62 SHEAR — VERTICAL STIRRUPS 


Values of Vus/d for two legged stirrups, kN/cm. 


fy = 250 N/mm? 


fy = 415 N/mm? 


STIRRUP DIAMETER, mm DIAMETER, mm 
SPACING, ——— OOOO eo ^ 
cm 6 8 10 12 6 8 10 12 
5 2:460 4:373 6:833 9:839 4:083 7:259 11:342 16:334 
6 2-050 3:644 5:694 8:200 3:403 6:049 9:452 13:611 
7 1:757 3°124 4:881 7:028 2:917 5:185 8:102 11:667 
8 1:537 2:733 4271 6:150 2:552 4:537 7-089 10-208 
9 1:367 2:429 3:796 5:466 2:269 4:033 6:302 9-074 
10 1:230 2:186 3:416 4:920 2:042 3:630 5:671 8:167 
11 1:118 1:988 3:106 4472 1856 3:299 5:156 7:424 
12 1:025 1:822 2:847 4:100 1:701 3:025 4:726 6:806 
13 0:946 1:682 2:628 3:784 1:571 2:792 4:363 6:286 
14 0:879 1:562 2:440 3:514 1:458 2:593 4051 5:833 
15 0:820 1°458 2:278 3:280 1:361 2:420 3:781 5:445 
16 0:769 1:366 2:135 3:075 1:276 2:269 3:545 5:104 
17 0:723 1:286 2:010 2:894 1:201 2:135 3:336 4:804 
18 0:683 1:215 1:898 2:733 1:134 2:016 3.151 4:537 
19 0:647 1:151 1:798 2:589 1:075 1.910 2:985 4:298 
20 0:615 1:093 1:708 2:460 1:020 1:815 2:836 4:083 
25 0:492 0:875 1:367 1:968 0:817 1:452 2:269 3:267 
30 0:410 0:729 1:139 1:640 0:681 1:210 1:890 2:722 
35 0:351 0:625 0:976 1:406 0:583 1:037 1:620 2:333 
40 0:307 0:547 0:854 1:230 0:510 0:907 1:418 2:042 
45 0273 0-486 0:759 1:093 0:454 0:807 1:260 1:815 
TABLE 63 SHEAR — BENT-UP BARS 
Values of Vus for singal bar, kN 
BAR fy = 250 N/mm? Ју = 415 N/mm? 
DIAMETER, 
mm & == 45° «a= 60° a = 45° a = 60? 
10 12:08 14:79 20-05 24-56 
12 17:39 21:30 28:87 35:36 
16 30°92 37:87 51:33 62:87 
18 39:14 47:93 64:97 79-57 
20 48:32 59-18 80°21 98-23 
22 58°46 71°60 97:05 118.86 
25 75:49 92-46 125:32 153.48 
28 94:70 115:98 157-20 192:53 
32 123°69 151:49 205:32 251:47 
36 156:54 191:73 259°86 318-27 
Коте — а is the angle between the bent-up bar and the axis of the member. 
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5. DEVELOPMENT LENGTH 
AND ANCHORAGE 
5.1 DEVELOPMENT LENGTH OF 
BARS 
The development length La, is given by 


ENT 
= 4 rbd 


where 
ф is the diameter of thc bar, 
с, is the stress in the bar, and 


ted is the design bond stress given in 
25.2.1.1 of the Code. 


The value of the development length 
corresponding to a stress of 0:87 f, in the 
reinforcement, is required for determining 
the maximum permissible bar diameter for 


DEVELOPMENT LENGTH AND ANCHORAGE 


positive moment reinforcement [see 25.2.3.3(c) 
of the Code] and for determining the length 
of lap splices (see 25.2.5.1 of the Code). 
Values of this development length for diffe- 
rent grades of steel and concrete are given 
in Tables 64 to 66. The tables contain the 
development length values for bars in tension 
as well as compression. 


5.2 ANCHORAGE VALUE OF HOOKS 
AND BENDS 


In the case of bars in tension, a standard 
hook has an anchorage value equivalent to a 
straight length of 16$ and a 90? bend has 
an anchorage value of 84. The anchorage 
values of standard hooks and bends for 
different bar diameters are given in Table 67. 
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eee MÀ 
TABLE 64 DEVELOPMENT LENGTH FOR FULLY STRESSED PLAIN BARS 


Ју = 250 N/mm! for bars up to 20 mm diameter. 
= 240 N/mm! for bars over 20 mm diameter. 


Tabulated values are in centimetres. 


TENSION Bars COMPRESSION BARS 
5 BAR GRADE OF CONCRETE GRADE OF CONCRETE 

ÍAMETER, — — h —v م‎ 

mm М15 M20 M25 M30 M15 M20 M25 M30 
6 32:6 272 23:3 21:8 261 21°8 18:6 17:4 
8 43°5 36:3 311 29-0 34-8 290 249 232 
10 544 45:3 38:8 36:3 43:5 363 КЗЫ! 29:0 
12 65:3 544 46-6 43-5 52:2 43:5 373 348 
16 87:0 72:5 62:1 58:0 69:6 58:0 49-7 46:4 
18 97:9 81-6 69:9 65:3 78:3 65:3 55:9 52:2 
20 108-8 90-6 77:7 72:5 87:0 72-5 62-1 58:0 
22 1148 95:7 82:0 76:6 91:9 76:6 65:6 612 
25 130:5 108:8 93:2 87-0 104:4 870 74:6 69:6 
28 146 2 121:8 104:4 97-4 1169 97:4 83:5 78:0 
32 167:0 139-2 1193 111-4 133-6 111-4 95:5 89:1 
36 187:9 1566 1342 125:3 150:3 125:3 107:4 100:2 


Norte — The development lengths given above are for a stress of 0°87 fy in the bar. 


TABLE 65 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS 
fy == 415 N/mm? 


Tabulated values are in centimetres. 


TENSION BARS COMPRESSION BARS 
BAR GRADE OF CONCRETE GRADE OF CONCRETE 
DIAMETER, № — re 
mm M15 M20 M25 M30 MIS M20 M25 M30 
6 33-8 28-2 242 22°6 271 22:6 19:3 18-1 
8 45:1 37°6 32:2 30-1 361 301 25:8 241 
10 564 470 40:3 37-6 45:1 37°6 322 30-1 
12 67-7 56:4 48:4 45:1 54:2 45:1 38:7 361 
16 90-3 752 64:5 60:2 72:2 602 51-6 48:1 
18 101.5 84-6 72:5 677 81:2 67:7 58-0 542 
20 112:8 94:0 80:6 75-2 90-3 75:2 64:5 60:2 
22 1241 103-4 88-7 82-7 99.3 82:7 70-9 66:2 
25 141:0 117.5 100:7 94-0 1128 94:0 80:6 75°2 
28 1580 131:6 112:8 105:3 126'4 105-3 90:3 84:2 
32 180°5 150°4 128:9 120:3 144:4 120:3 103-2 96:3 
36 2031 169:3 1450 135:4 162°5 135°4 116°1 108:3 


Nor£—The development lengths given above are for a stress of 0°87 fy in the bars. 
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TABLE 66 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS 


fy == 90 Ниш! 


Tabulated values are in centimetres, 


Terson Hans Compammon Bans 

Bar GRADE OF CONCRETE URADE OF CONCRETE 
hE, — — rO ДЭ— O 
mm МІЗ мю мъ мю МІЗ M20 M25 M3ü 
6 AUR 34-0 29-1 272 326 272 211 218 

E 544 453 38-6 363 4%5 363 3111 
10 870 36-6 3 3 ыч 45'3 JEE 3&3 
12 81-6 680 53-3 544 65:3 544 45-6 435 
16 108-8 нб TF 145 BTAD Tri 62-1 5870 
18 12773 102-0 87-4 816 97-9 81-6 69-9 553 
20 1359 11373 ar] "FÉ 108-8 9r B TI Ti 
22 149-5 1246 1068 FFT 119-65 фа т #54 Tiree 
24 1649 1414 121'4 11343 135-4 113:3 97:1 Ё 
2H 194.3 1586 135-9 126-9 152-3 12 108-8 Іш? 
32 2175 1813 155-4 145-0 1740 145-0 1243 1160 
36 1447 rS 43 1683-1 193-8 163-1 ІЗ itri 


Мате — The development lengths given above are for a stress of 0:87 ) in the bar. 
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TABLE 67 ANCHORAGE VALUE OF HOOKS AND BENDS 


Tabulated values are in centimetres. 


BAR DIAMETER, 


mm 6 8 10 12 16 18 20 22 25 28 32 36 
Anchorage Value of 
hook 96 128 160 192 256 288 320 352 400 448 512 576 
Anchorage Value of 
90° bend 48 6:4 8:0 96 128 144 160 176 200 224 256 288 


op эш. Hd 


6 Ф min 
% + 

Ф é 

(ken Ф L (kot) Ф B 

STANDARD HOOK STANDARD 90° BEND 
STANDARO HOOK AND BEND 
Type of Steel Min Value of k 
Mild steel 2 
Cold worked steel 4 


Note 1 — Table is applicable to all grades of reinforcement bars. 


Note 2 — Hooks and bends shall conform to the details given above. 
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6. WORKING STRESS DESIGN 


6.1 FLEXURAL MEMBERS 


Design of flexural members by working 
stress method is based on the well known 
assumptions given in 43.3 of the Code. 
The value of the modular ratio, m is given by 
_ 280 9333 
3 бос Gcbc 
Therefore, for all values of cebe we have 
m все = 93:33 


Fic. 9 BALANCED SECTION (WORKING 
STRESS DESIGN) 


6.1.1 Balanced Section (see Fig. 9) 
š 1 
Stress in steel = би = MCcbhe (+ -- 1 ) 


Ose Ost 


= mea. — 9333 
1 ай Ost ЕТА 1 = Ost T 93:33 
k ~ 93:33 93:33 
_ 3 
— вы + 93:33 


The value of k for balanced section depends 
only on ost. It is independent of асы. Moment 
of resistance of a balanced section is given 
by Мы = Мары iU — +) The values 
of Moai/bd? for different values of осы and 
си are given in Table К 


TABLE К MOMENT OF RESISTANCE FACTOR 
Mijbd*, N/mm? FOR BALANCED 
RECTANGULAR SECTION 


Scbc est, N/mm? 
N/mm? کے‎ == a 
140 230 275 
5:0 0:87 0°65 0°58 
70 1:21 0:91 0:81 
8:5 1:47 1:11 0:99 
10:0 1:73 1:30 1:16 


WORKING STRESS DESIGN 


Reinforcement percentage ра! for balanced 
section is determined by equating the com- 
pressive force and tensile force. 


Gcbc kdb = P »bat bd Ost 
2 100 
50 К ace 
P t»bal Ost 


The value of pusa for different values of 
бос and си are given in Table L. 


TABLE L PERCENTAGE OF TENSILE 
REINFORCEMENT д FOR SINGLY 


REINFORCED BALANCED SECTION 
(Clause 6.1.1) 


og N/mm? 


осЬс 
N/mm! — 


140 230 275 


А-а-а S‏ کی 


5-0 071 0:31 0:23 
7-0 1-00 0-44 0:32 
8:5 121 0:53 0:39 
10-0 1-43 0°63 0:46 


6.1.2 Under Reinforced Section 


The position of the neutral axis is found 
by equating the moments of the equivalent 
areas. 


kd 


bka “a= Р bd 


m (d — kd) 


ве Е = bd? DO) 


k? = ES (I — k) 
24 Punk _ pim _ 
ue cou 


The positive root of this equation is given by 


k= — + т A 
(100 T 39 


This is the general expression for the depth 
of neutral axis of a singly reinforced section. 
Moment of resistance of an under-reinforced 
section is given by 


м eap PS (1-5) 


Values of the moment of resistance factor 
МВФ? have been tabulated against р, in 
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me { «ъс 

| ° пъ (35 
а 

Fic. 10 DouBLY REINFORCED SECTION 
(WORKING STRESS DESIGN) 


£ 
пай 

t 

Ж 


Tables 68 to 71. The Tables cover four 
grades of concrete and five values of си. 


6.1.3 Doubly Reinforced Section — Doubly 
reinforced sections are adopted when the 
bending moment exceeds the moment of 
resistance of a balanced section. 


М = Мы + М” 


The additional moment M’ is resisted by 
providing compression reinforcement and 
additional tensile reinforcement. The stress 
in the compression reinforcement is taken 
as 1:5 m times the stress in the surrounding 
concrete. . 

Taking moment about the centroid of 
tensile reinforcement, 


pc bd 


M = “100 (1:5 m — 1) бос 
kd — d' ; 
x( - )a- 2 


= 19% (1:5 m — 1) ое 
а 


(1 - 5а) (1 


Equating the additional tensile force and 
dditional compressive force, 


d’ 


= 4) 


bd (pi 1 Bota би 


DX p.bd N = _ 4 
Or (р: — Рова) би 
= p, (15 m—1) сос ( 1 — 7) 
c С "kd 
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М = Мы + Sale а ` ee Ost 


x (1 - 7) bd? 
Total tensile reinforcement 4, is given by 
As = Аз, + Аяз 


where Aus; = pusa 


100 


and Ag. = M 
M Ou  — 4) 


The compression reinforcement can be ex- 
pressed as a ratio of the additional tensile 
reinforcement area Ам». 


As ES Pc 
Asta (p: — Piba!) 


Ost 1 


сас (Г5т- 1) 1 - 4]kd) 


Values of this ratio have been tabulated for 
different values of 4/4 and ак in Table M. 
The table includes two values of os. The 
values of р, and p. for four values of 474 
have been tabulated against. M/bd? in 
Tables 72 to 79. Tables are given for four 
grades of concrete and two grades of steel. 


TABLE M VALUES OF THE RATIO 4,,/A 


sto 
(Clause 6.1.3) 


си със d'id 
N/mm? N/mm m 
005 O10 O15 0:20 
f 50 119 138 166 207 
70 10 140 168 2и 
140 85 122 14 170 213 
{00 123 14 172 215 
f $0 206 261 355 54 
70 209 265 360 563 
230 85 22 268 364 569 
100 214 271 368 576 


6.2 COMPRESSION MEMBERS 


Charts 86 and 87 are given for determining 
the permissible axial load on a pedestal or 
short column reinforced with longitudinal 
bars and lateral ties. Charts are given for 
two vdlues of ак. These charts have been 
made in accordance with 45.1 of the Code. 


DESIGN AIDS FOR REINFORCED CONCRETE 


According to 46.3 of the Code, members 
subject to combined axial load and bending 
designed by methods based on elastic theory 
should be further checked for their strength 
under ultimate load conditions. Therefore 
it would be advisable to design such members 
directly by the limit state method. Hence, 
no design aids are given for designing such 
members Бу elastic theory. 


6.3 SHEAR AND TORSION 


The method of design for shear and torsion 
by working stress method are similar to the 
limit state method. The values of permissible 
shear stress in concrete are given in Table 80. 


WORKING STRESS DESIGN 


Tables 81 and 82 are given for design of 
shear reinforcement. 


64 DEVELOPMENT LENGTH AND 
ANCHORAGE 


The method of calculating development 
length is the same as given under limit state 
design. The difference is only in the values 
of bond stresses. Development lengths for 
plain bars and two grades of deformed bars 
are given in Tables 83 to 85. 


Anchorage value of standard hooks and 
bends as given in Table 67 are applicable 
to working stress method also. 
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Chart 86 AXIAL COMPRESSION (Working Stress Design) 
dsc = 130 N/mm? 


LOAD P, kN 


< 4 
i 5-0! 
m 
4 
Съ 
ыз | 
ш LE | 
ш 3.0 | 
4 | 
— | 
ғ 
ш 
ы 
с 
а 20 
+ 
= 
шы 
> 
O 
пе 1.0 
e 
ТЕ 
Е 
ш 
ir 

0 


Е 5-6 тов 9 10) таны 15 18 17 № 


1 
P/A N/mm 
WORKING STRESS DEVI N 


۹ | WORKING STRESS METHOD | 
Chart 87 AXIAL COMPRESSION (Working Stress Design) 


до 2190 N/mm 
айыыны» аз 
A AHH 


Bü EÉ 
F 


LOAD P, kN 


REINFORCEMENT PERCENTAGE 100 А, /A, 


à 5 6 7 8 8 0 11 1213 14 15 16 17 18 
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TABLE 68 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd*, N/mm? FOR 
SINGLY REINFORCED SECTIONS 


Scbe™= 5:0 N/mm? 
ви, N/mm? бы, N/mm? 
P, — F. Р, em 
130 140 190 230 275 130 140 190 230 275 
0'12 0:146 0:157 0:214 0:258 0:309 0:47 0:542 0:583 
0:13 0:158 0:170 0:231 0:279 0:334 0°48 0:553 0:595 
0:14 0:170 0:183 0:248 0°3 0:359 0:49 0:564 0:607 
0:15 0:181 0:195 0:265 0°321 0°384 0°50 0:574 0:619 
0:16 0:193 0:208 0:282 0:341 0:408 0:51 0:585 0:630 
0:17 0:205 0:220 0:299 0:362 Q:433 0:52 0:596 0:642 
0:15 0:216 0:233 0:316 0:383 0:457 0:53 0:607 0:654 
0:19 0:228 0:245 0:333 0:403 0:482 0:54 0:618 0:665 
0:20 0:239 0:258 0:350 0:423 0:506 0:55 0:629 0-677 
0:21 0°251 0:270 0:367 0°444 0:531 0-56 0-640 0-689 
0:22 0:262 0:282 0:383 0:464 0:555 0:57 0:650 0:700 
0:23 0:274 0:295 0:400 0:484 0:579 0:58 0:661 0:712 
0:24 0:285 0:307 0:417 0:505 0:59 0:672 0:724 
. 0:25 0:297 0:319 0:433 0:525 0:60 0:683 0°735 
0°26 0:308 0:332 0:450 0:545 0-61 0:693 0:747 
0:27 0:319 0:344 0:467 0:565 0:62 0:704 0:758 
0:28 0:331 0-356 0:483 0:585 0:63 0:715 0:770 
0:29 0:342 0:368 0:500 0:605 0:64 0°726 0:781 
0:30 0:353 0:380 0:516 0:625 0°65 0°736 0°793 
0°31 0:364 0:392 0:533 0°645 0°66 0:747 0:804 
0:32 0:376 0:405 0:549 0°67 0:758 0:816 
0°33 0°387 0°417 0°565 0°68 0:768 0:827 
0:34 0:398 0:429 0:582 0°69 0:779 0:839 
0:35 0:409 0:441 0:598 0:70 0:790 0:850 
0:36 0-420 0:453 0:614 0:71 0:800 0:862 
0:37 0:431 0:465 0:631 0:72 0:811 
0:38 0:443 0477 0:647 0:73 0:821 
0:39 0:454 0:489 0:663 0:74 0:832 
0:40 0:465 0:500 0:679 0:75 0:843 
041 0°476 0:512 0:695 0:76 0:853 
0:42 0487 0:524 0711 0°77 0-864 
0:43 0:498 0:536 0:728 0:78 0:874 
0:44 0:509 0:548 0:79 0:885 
0:45 0:520 0:560 0:80 0:895 
0:46 0:531 0:572 
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TABLE 69 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd?, N/mm? FOR 
SINGLY REINFORCED SECTIONS 


Ocbc=7'0 N/mm? 


Ost, N/mm? ви, N/mm? 

Р, co OT P T uc P. M r n C S 

130 140 190 230 275 130 140 190 230 275 
0:20 0:242 0:261 0:354 0:428 0:512 0:76 0:869 0:936 
0:22 0-266 0:286 0:388 0:470 0:562 077 0:880 0:948 
X24 0:289 0:311 0:422 0:511 0611 0:78 0:891 0:960 
0:26 0:312 0:336 0:456 0:552 0:660 0:79 0:902 0:971 
0:28 0:335 0:361 0:490 0:593 0:709 0:80 0:913 0:983 
0:30 0:358 0:386 0:523 0:633 0:757 0:81 0:923 0:994 
0:32 0:381 0:410 0-557 0:674 0:806 0:82 0:934 1:006 
0 0:404 0:435 0:590 0:714 0:83 0:945 1:018 
0:36 0:427 0:459 0:623 0:755 0:84 0:956 1:029 
0:38 0:449 484 0:657 0:795 0:85 0:966 1:041 
0:40 0472 0:508 0:690 0:835 0:86 0:977 1:052 
0:42 0:494 0:532 0:723 0:875 0:87 0:988 1:064 
0:43 0-506 0:545 0:739 0-895 0:88 0:999 1:075 
0°44 0:517 0°557 0°756 0:89 1°009 1:087 
0°45 0°528 0°569 0:772 0:90 1:020 1:099 
0:46 0:539 0581 0:788 0:91 1:031 1:110 
0:47 0:551 0:593 0:805 0:92 1:041 1:122 
0:48 0:562 0:605 0:821 0:93 1:052 1:133 
0:49 0:573 0:617 0:837 0°94 1:063 1:145 
0:50 0:584 0:629 0:854 0:95 1:073 1:156 
0:51 0:595 0:641 0:870 0:96 1:084 1:168 
0:52 0:606 0:653 0:886 0:97 1:095 1:179 
0:53 0:617 0:665 0:98 1:105 1:190 
0:54 0:628 0:677 0:919 0:99 1:116 1:202 
0-55 0-640 0-689 0:935 1:00 1:127 
0:56 0:651 0:701 0:951 1:01 1:137 
0:57 0° 0:713 0:967 1:02 1:148 
0-58 0673 074 098 1:03 1:158 
0-59 0% 0:736 1:04 1:169 
0:60 0-695 0°748 1°015 1°05 1°180 
0°61 0°706 0:760 1:06 1:190 
062 0:717 107 1°201 
0°63 0728 01784 1°08 1:211 
0:64 0:739 0:795 1:09 1:222 
0:65 0:750 0:807 1:10 1:232 
0-66 0-761 0-819 111 1:243 
0°67 0:772 0:831 1:12 1:254 
0-68 0.782 0843 1:13 1:264 
0:69 0:793 0:854 
0-70 0:804 0:866 
0-71 0-815 0:878 
0:72 0-826 0:890 
0:13 0:837 0:901 
0:74 0:848 0:913 
075 0:859 0:925 
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TABLE 70 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd?, N/mm? FOR 
SINGLY REINFORCED SECTIONS 


Ссьс = 8:5 N/mm? 


би, N/mm? ви, N/mm? 

Р, А Р, дА 

130 140 190 230 275 130 140 190 230 275 
0:20 0-244 0°262 0:356 0:431 0:515 0:96 1:096 1:180 
0:22 0:267 0:288 0:391 0:473 0:565 0:97 1:107 1:192 
0:24 0:291 0:313 0:425 0:514 0:615 0:98 1:117 1:203 
0:26 0:314 0:338 0:459 0:556 0:664 0:99 1:128 1:215 
0:28 0:337 0-363 0:493 0:597 0:714 1:00 1:139 1:227 
0:30 0:361 0:388 0:527 0:638 0:763 1:01 1:150 1:238 
0:32 0:394 0:413 0:561 0:679 0:812 1:02 1:161 1:250 
0:34 0:407 0:438 0:595 0:720 0:861 1:03 1171 1:261 
0°36 0:430 0:463 0-628 0:761 0:909 1:04 1:182 1:273 
0:38 0:453 0488 0°662 0°801 0:958 1:05 1:193 1:285 
0:40 0:476 0:512 0:695 0:842 1:06 1:203 1:296 
0-42 0:498 0:537 0°729 0°882 1:07 1:214 1:308 
0:44 0:521 0-561 0:762 0:922 1:08 1:225 1:319 
0-46 0:544 0:586 0:795 0:962 1:09 1:236 1:331 
0:48 0:567 0-610 0:828 1:002 1:10 1:246 1:342 
0:50 0:589 0:634 0:861 1:042 111 1:257 1:354 
0:52 0:612 0-659 0:894 1:082 1:12 1:268 1:365 
0:54 0:634 0:683 0:927 1:13 1:278 1:377 
0:56 0:657 0:707 0:960 1:14 1:289 1:388 
0:58 0:679 0°731 0-992 1:15 1-300 1:400 
0°60 0:701 0:755 1:025 1:16 1:310 1:411 
0:62 0:723 0:779 1:057 1°17 1:321 1:423 
0:64 0:746 0-803 1:090 1:18 1:332 1:434 
0:66 0°768 0°827 1:122 1:19 1:342 1:446 
0:68 0:790 0:851 1:155 1:20 1:353 1:457 
0:70 0:812 0:875 1:187 1:21 1:364 1:468 
0:72 0:834 0:898 1:219 1:22 1:374 
0°74 0°856 0°922 1:23 1:385 
0°76 0:878 0:946 1:24 1:395 
0:78 0:900 0:969 1:25 1-406 
0°80 0:922 0:993 1:26 1:417 
0:82 0:944 1:016 1:27 1:427 
0-83 0:955 1:028 1-28 1:438 
0-84 0:966 1:040 1:29 1:448 
0:85 0°977 1:052 1:30 1:459 
0:86 0:987 1:063 1:31 1:469 
0:87 0:998 1:075 1:32 1:480 
0:88 1:009 1:087 1:33 1:491 
0-89 1:020 1:099 1:34 1:501 
0:90 1:031 1:110 1:35 1:512 
0:91 1:042 1:122 1:36 1:522 
0:92 1:053 1:134 1:37 1:533 
0:93 1:063 1:145 
0:94 1:074 1:157 
0:95 1:085 1:169 
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TABLE 71 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd*, N/mm? FOR 
SINGLY REINFORCED SECTIONS 


бос = 10:0 N/mm? 


Ost, N/mm? ost, N/mm? 
Р, Р; —— —— —————— 
130 140 190 230 215 130 140 190 230 275 

0:20 0245 0264 0358 0433 0518 1:10 1:257 1:54 

0:22 0269 0289 0392 0475 0568 1:12 1279 1:377 

0-24 0292 0315 0427 0517 0°618 1:14 1:301 1:401 

0°26 0:316 0340 0461 0559 0:668 1:16 1322 1:424 

0-28 0339 0365 0496 0600 0718 1°18 1344 1:447 

0°30 0363 0391 0530 0642 0767 1:20 1365 1470 

0:32 0:386 0416 0564 0:683 0817 1:22 1:387 1-494 

0-34 0409 0441 0:598 0724 04866 1:24 1408 1:517 

0:36 0432 046 0632 0765 0915 1:26 1430 1:40 

0:38 0456 0491 0666 0806 0964 1:28 1451 1:63 

0:40 0479 0515 070 0847 1:013 1:30 1473 1:586 

0:42 0502 0:540 0733 088 1061 131 1:483 1:597 

0:44 0525 0565 0767 0928 1110 1:32 1:404 — 1-609 

0:46 0:548 0590 0800 0:969 1:158 1:33 1:505 1:620 
_ 0:48 0:570 0614 0:834 1:009 1:34 1515 1:632 

0:50 0:593 0639 0:867 1:049 1:35 1526 1643 

0:52 0616 063 090 1:090 1:36 1:537 5 

0:54 0639 0688 0933 1:130 1:37 1547 1666 

0:56 0661 0712 © 1:170 1:38 1:558 1:678 

0°58 0684 0736 о 1:210 1:39 1:569 1:689 

0:60 0706 0761 1:032 1250 1:40 1:579 1:701 

0:62 0729 0785 1:065 1299 141 1:500 1:712 

0°64 0:75: 0809 1-098 1:42 1.608 1-724 

0:66 0774 083 1131 1:43 1:611 

0-68 0796 0857 1163 1:44 1:622 

0:70 0818 0881 1:196 1:45 1:632 

072 0841 0905 1229 1:46 1:643 

0:74 0:863 0:929 1:261 1:47 1:653 

0°76 0885 0953 1294 1:48 1:664 

0:78 0907 0977 1:26 1:49 1:675 

0:80 099 1001 1358 1:50 1:685 

0:82 0952 1025 1391 1:51 1:696 

0-84 0:974 1048 1:423 1:52 1:706 

0:86 0996 1072 1:455 1:53 1:717 

0-88 1018 1:096 1:54 1:727 

0:90 1:040 1:120 1:55 1-738 

0°92 1062 1143 1:56 1:749 

0:94 1:083 1167 1:57 1:759 

0-96 1:105 1:190 1:58 1:770 

0:98 1127 1214 1:59 1:780 

1:00 1149 1:237 1:60 1°791 

1°02 1177 1261 

1:04 1192 1284 

1:06 1:214 1:308 

1:08 1:236 1331 
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TABLE 72 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 
REINFORCED SECTIONS 


был 50 Май 
бы = DAD “Ninan 
m" ӘТЕР” ші Fid = 0:20 
мтыа?, did dz: гы 910 = Cure | | а 
Mys PF Ғұ Fi Pa Р Pa P, Ps 
aT TIT шы 0717 бекм TIT аы 7117 ІН 
өй onan өмі CHIT? (242 624 oa? 
15 ELS 119 و‎ 0-146 cis cls (rii od 
l г 1! L 3 

1:05 0163 860 0-291 02868 0236 (iTi смо 
110 ж ехе СРЕО 0254 @-910 0:7 0923 0432 
1-13 0927 : 0-939 iri EEEN 0-324 0-07 0-525 
(x CFT ТЕТІ 17 (r46* 128 0-17 
1:25 1-003 QM 139 0421 газ ois 1:057 0710 
raa 1-040 FEM 1058 (476 1078 ШІН! наш 
1:35 1-0 vn 198 0330 1120 0674 1-146 Ф499 
140 1113 rats 1:138 ETE] [ШЇ 0-744 ris 0988 
145 1:153 ! 177 0640 1-204 0-812 1:235 1-080 
1-50 1:190 | 1217 1247 "ЕЕЗ Г 1:173 
135 1228 irae 1257 0740 1-253 0951 XM 126% 
160 1:266 2653 1296 080% n ren rie 1-358 
[ F 302 1336 (FB60 1373 1492 1414 1431 
ln ны! (743 1-77 0914 1415 1182 1-458 1:543 
275 1-978 #787 1413 oro i457 122 rmn 1-63 
1:80 1-416 "T ERI 15-454 1:024 [199 ГЕ |-548 1:728 
184 іші i Lae 1:028 ізі 1-17! 12 1-21 
1:90 1:49] 0921 L5M 1:134 1:588 1441 РЕ 1914 
19 1:529 0065 DFTA 1:189 1635 181 іі 2:006 
200 1-566 1:040 1-14 1:244 [EET 1736 24990 
205 1-504 1-054 1553 1:299 1-008 1-50 тт гіз 
rio 1-642 1:098 rem 1:353 1781 1:720 1815 2284 
Hs m mn a uU uu uw AM i 
225 1-754 1233 1212 1-518 1-877 1:329 1-549 2342 
30 p792 1'277 1852 1573 1919 1399 ғы 1654 
2:14 1:321 1 1:28 Ін 2 72-038 1747 
240 13a) 1:366 mi 1:683 2003 гізі 2d IBAD 
S m s m m m m om 
12 1-250 1-500 1-847 21 Т EIE 3-117 
260 Talk 1544 2-090 1902 2171 iu 238 3210 
2-65 3085 1-58 2130 1447 2213 24 23d 
та 2d 1-634 2169 z 2:244 2-556 2351 3 
TM 5-136 15528 2200 за? Ti 7-195 3434 
TRO ЕТ”! 1:723 2:349 1121 2338 2406 ып 3.580 
285 27206 1767 T2188 PITI z'381 2765 1485 3673 
rea 2:243 1812 2:328 2231 2423 1:833 232 3765 
2-95 35381 1847 234 2-286 244 2-903 2-674 3848 
3% 2318 15901 2407 ты FE 2-974 2-619 3-041 
105 2546 1 2447 + TA ны A043 
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TABLE 73 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 
REINFORCED SECTIONS 


Occ = 70 N/mm? 
си = 140 N/mm? 
2 d'[d = 005 d'[d = 0:10 d'[d = 0:15 444 = 0:20 
Миа Pe 
N/mm? سو ماسم‎ rA е--7---э 
Р, Pc P. Pe Р, Ре Р, Pc 
1:22 1:005 0-006 1:005 0:007 1:006 0:009 1:006 0:013 
1:25 1:028 0:033 1:029 0:041 1:031 0:052 1:033 0:069 
1:30 1:065 0:078 1°069 0:097 1°073 0°123 1:077 0:163 
1:35 1:103 0:124 1:108 0:152 1:115 0:193 1:122 0:257 
1:40 1:140 0:169 1:148 0:208 1:157 0:264 1167 0:351 
145 1:178 0214 1:188 0:264 1:199 0:335 1211 0:445 
1:50 1:216 0:259 1:228 0:319 1:241 0:406 1255 0:539 
1°55 1:253 0:305 1:267 0:375 1:283 0:476 1:301 0:633 
1:60 1291 0:350 1:307 0:431 1:325 0:547 1:345 0:727 
1:65 1:328 0:395 1:347 0:486 1:367 0:618 1:390 0:821 
1:70 1:366 0:440 1:386 0:542 1:409 0:689 1:435 0:915 
1:75 1:404 0:485 1:426 0:598 1:451 0-760 1:479 1:009 
1:80 1:441 0:531 1:466 0:653 1:493 0:830 1:524 1:103 
1:85 1:479 0:576 1:505 0:709 1:535 0:901 1:568 1:197 
1:90 1:516 0:621 1:545 0:765 1:577 0:972 1:613 1:291 
1:95 1:554 0:666 1:585 0:821 1:619 1:043 1:658 1:385 
2:00 1:591 0:712 1:624 0:876 1:661 1:113 1:702 1479 
2:05 1:629 0°757 1:664 0:932 1:703 1184 1747 1:573 
2:10 1:667 0:802 1:704 0:988 1:745 1:255 1:792 1:667 
2:15 1:704 0:847 1°743 1:043 1°787 1°326 1:836 1761 
2:20 1:742 0°892 1:783 1:099 1829 1:396 1:881 1:855 
2:25 1:779 0:938 1:823 1:155 1:871 1:467 1:926 1:949 
2:30 1:817 0:983 1:862 1:210 1:913 1:538 1:970 2:043 
2:35 1:855 1:028 1:902 1:266 1:955 1:609 2:015 2:137 
2:40 1:892 1:073 1:942 1:322 1:997 1:680 2:060 2:231 
245 1:930 1:119 1:981 1:378 2:039 1:750 2:104 2:325 
2:50 1:967 1164 2:021 1:433 2:081 1:821 2:149 2:419 
2:55 2:005 1:209 2:061 1:489 2:123 1:892 2:193 2:513 
2°60 2:043 1:254 2:101 1:545 2:165 1:963 2:238 2:607 
2:65 2:080 1:299 2:140 1:600 2:207 2:033 2:283 2:701 
2:70 2:118 1:345 2:180 1:656 2:249 2:104 2:327 2:795 
2°75 2:155 1:390 2:220 1:712 2:291 2:175 2:372 2:888 
2:80 2:193 1:435 2:259 1:767 2:333 2:246 2:417 2:982 
2:85 2:231 1:480 2:299 1:823 2:375 2:316 2:461 3:076 
2:90 2:268 1:526 2:339 1:879 2°417 2°387 2:506 3:170 
2:95 2:306 1:571 2:378 1:934 2:459 2:458 2:551 3:264 
3:00 2:343 1:616 2:418 1:990 2:501 2:529 2:595 3:358 
3:05 2:381 1:661 2:458 2:046 2:543 2:599 2:640 3:452 
3:10 2:419 1:707 2:497 2:102 2:585 2:670 2:685 3°546 
3°15 2:456 1:752 2:537 2:157 2:627 27741 2:729 3:640 
3:20 2:494 1:797 2:577 2:213 2:669 2:812 27714 3:734 
3:25 2:531 1:842 2:616 2:269 2711 2:883 2:818 3:828 
3:30 2:569 1:887 2:656 2:324 27754 2:953 2:863 3922 
3:35 2:607 1:933 2:696 2:380 2:796 3:024 2-908 4:016 
3:40 2 1:978 27735 2:436 2:838 3:095 2:952 4110 


| 
| 


200 DESIGN AIDS FOR REINFORCED CONCRETE 


| WORKING STRESS METHOD | 


TABLE 74 FLEXURE—REINFORCEMENT PERCENTAGES FOR DOUBLY 
SECTIONS 


REINFORCED 
Soe = ЁЗ Nimo! 
ви“ 140 Nim! 
d fd = 005 да = 010 d'id = 015 d'id = 020 
== = -i о سس‎ 
Мушт" Р Р, P, Ре Fı Ps Р, Р. 

148 1219 0006 1-20 0-008 1220 ояна 1:220 017 
ІЗ 1238 09024 1235 07030 1-257 1:238 0031 
122 ИЛЛ? 1275 (as 1-279 опо 1-283 0-146 

Issa 1410 0116 rns FI 1-321 Tièi 1-327 0241 
ré 1347 0162 1:354 0195 1:363 0253 1372 0-335 
18 1:384 (207 1-394 (255 1404 (7324 1417 0-431 
175 1:422 0241 1434 0312 HT ІЗ 1481 SEE 
1-90 1460 өте 1474 Oe 1 1306 Orazi 
1-85 1:497 (r345 153 очи 1531 0439 1331 0716 
1-90 1:535 r 1:551 #1 1-573 (611 1-595 C-B11 
1-95 1:573 041 1494 0-517 1:15 0-27 140 0-906 
200 1% оч 1-17 mL 14? оты 1685 Г Di 
2:05 1648 0-528 1-72 TWI ү DEN 17729 ЇЧЕН 
230 1-555 0573 1:712 0705 1:741 [FEST 1774 1:191 
215 17H 0:819 1751 0762 1:783 0-9 [-818 1:286 
230 1:761 0-64 15791 0:819 1824 1:040 1863 1:333 
TH 1:798 07711 1-&M BT3 1-487 1-112 1-908 1477 
2130 1836 0746 1:870 0-931 1-208 1:183 1:952 1:572 
2:34 pen ато 1-910 а-Эян 1:251 1255 1:907 1:557 
240 1411 fag BAR: 1-950 1:044. 1:563 1:36 тіміз 1762 
144 1349 0-893 [989 1100 2103 1-398 2086 1857 
1-50 19585 (гіз? 21-029 1137 2077 an 2111 1:332 
25% {FBS 1:213 2115 1:541 2 176 2447 
19 i061 1031 2-108 1289 2-161 1-613 2220 2142 
1:076 214% 1338 1203 1684 2284 КҮ ЕТІ 

2-70 1137 1122 TIBE 1382 2243 1756 2310 2332 
275 2174 11565 221 ie 2-287 1-827 2354 2:427 
B d d oum om BH X M B 
25 2247 1305 $7 14807 2413 a 148 1712 
295 2124 13451 7:386 1-55 2455 2:114 2333 2407 
149 2362 1357 2425 1-720 2:497 7183 TT] 2-902 
305 2400 1-42 2:465 1776 2-530 221 24 oT 
3-10 2437 1-488 2505 psu 2:581 2129 T657 1191 
3414 2414 1:534 2545 1480 Ti таю 2711 “ІН 
320 2513 1550 2:585 17945 ғаз 2472 2156 3283 
125 FEL 13625 2424 290 2-07 2-543 2401 3:378 
уз 1:388 1671 2:664 2749 2415 за 3473 
кы тын ІЗТІП 2704 zi IT Tee әс 1558 
зай 2-661 1:243 23 2171 2833 2-758 2914 1661 
345 2701 ipia 2783 2111 Ет 2300 24079 3758 
0 TT 1854 теп 2283 2917 2-901 740 14853 
744 тъ 1-900 2862 339 2959 2971 Tik 3548 
1460 2313 1946 2901 газ 5-001 Jai +13 4143 
765 1831 1591 i942 i452 3043 7118 158 4138 
— س‎ Ет ке6$6_——Є—= n 


| WORKING STRESS METHOD | 


TABLE 75 FLEXURE—REINFORCEMENT PERCENTAGES FOR DOUBLY 
REINFORCED SECTIONS 


"ee = IFO Nimat 


"utes 140 Nimo! 
4420035 #0 "= 15 #0 
Мы» а= = ---- oL a ү: en = Tu 
Pr Fe Fa Pa Pr Ра FP Ри 
i7 аза res ічы Pee ган 09010 ЕСІК e] 3 
175 1:441 ІНЕ 1-442 в 1-1 gdl 1:443 OO}? 
Ж 1439 1-48] (ré 1485 пан? 1:489 20-128 

1 B 316 ен 1:521 0.133 1-527 e 160 1:333 ағам 
150 1554 0-154 1-561 0190 1-569 0-241 1577 0-31 
1$5 1:591 Ü 20 ІН ЕТ к 314 1622 Gait 
йа 1529 TT I eb 1633 ür3Bü oor 0311 
20 1-667 0293 | bÛ tigi 1-655 (459 Ети 
rie гма 0339 re 0418 T'T37 531 1:196 07707 
215 1:242 FTE 1:759 ты] Ттт (rdc ІЗЕН pan 
ra 1779 0432 1-799 0-532 rg 0616 1'845 097 

1:817 FTE ҮШ] FAR | Я "Ву (ғазы 

1:533 ім ІСЕТЕ ies 1-03 Ul 1-935 І 
= Fasz КЕТ] ІНІН U 70 ГТ WEEE) 1-979 Ir 
T 1:930 0517 1:058. Рт 1:999 ТТЫ) TuUg4 [РЕТ 
245 1:967 TT 1-997 (17 20 TT 1468 m 
4-50 2c 005 тә 247 FATA ПӘ 2113 ръжта, 
3-55 2-43 0-156 TOTT 0931 2115 1-183 2-158 1571 
TD 2-080 (ЗП? 2116 (яя 5157 1-25 3-03 19567 
2255 2:118 Tiji жібі 144 21% IX FHI І-781 
2-70 2:135 інен кы Li EE 2-24] IM) 2:292 Ibit 
1-74 2793 ria] 21-235 1:135 IATA 2318 1-255 
7-80 0:231 175 1:216 2:325 тай! 3051 
55 2:268 1:033 E35 1:273 15517 тізі 2147 
| | 20306 | а] 1154 1:330 Tipi І 7:470 
700 2381 HB tH ша N и ПӘ 24M 
T2035 3419 IE 1500 2515 I тны 2-312 
310 2436 1263 25 1357 z: 199 TGI 3-628 
ти 22494. ШЕТІ 1414 2819 2091 rea аты 
ға 2:331 1237 i593 1571 Fa i124 г таа abil 

2569 1-404 TED 1-728 TT 2196 PET 27-917 
F TaT 1450 1:783 145 + |. 1011 
y 2644 1496 27-112 $E TH] ET? 3-10 
140 2-682 1:542 2:151 1899 2029 1413 ти? 3305 
31:45 FIT Lio 270] 1846. 211] Кы THEI 3301 
+50 ZTH [2515 PRII БЕРЕ 2913 2558 206 21-197 
yë ВЕ ы 3500 $42 $9 ix m in 
35 Tr UT 2184 1775 3-140 1-5% 
170 aT Ем 2:087 2:241 3-08 d THA 1:183 Кире: 
КЕП pas men 298 m 240 3.229 3413 
380 1982 1512 3 TIS 3-165 1952 БЕІН 344 
ipa їй 1-253 ізім ачи 3307 3:065 
ж TON 3003 TIAA 2 Fea pli 


SIN AIDE РОД REINFORCED COMNWCHUTR 


WORKING STRESS METHOD 


TABLE 76 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 


5 P, P, 
0:56 0:317 (H7 
(70 0-336 0045 
0:75 0349 0-092. 
оно FREI сіз 
0-85 IT 
0-90 0427 0214 
0-95 0-40 (281 

0-471 0-128 

0-96 0174 
1-10 0-519 0422 
113 0-542 0-469 
1:20 0-564 0-517 
|724 FET ü:564 
130 0-610 Déli 
1-35 D833 05558 
140 0656 @7й5 
1-45 0752 
1-90 020-702, ТЕСІГІ) 
1-53 1:725 0-847 
1-60 THB 0:854 
1:63 770 0:94 | 
1:70 1791 0-988 
Із 0016 1:035 
180 hag 1-082 
185 Dil ШЕ 
190 „ ORAS 1477 
1-95 0908. 1224 
200 0931 1271 
105 (953 ПТ 
20 eG 1365 
215 {көй ІІ 
220 1-22 ДЕСІ 
1925 13045 1207 
213 1-05 1:454 
135 13591 1-88 
240 1:114 IE 
245 1:137 1-695 
250 1:159 1:743 
255 1:182 1:790 
20 1205 1-837 
784 1-228 ЕТ" 
270 1:251 1:911 
9-73 1:274 1-978 
7280 1:297 2496 
2185 гіне 2073 


REINFORCED SECTIONS 


въ = S0 Nimmi 
са = 230 Nimm! 


я = еш ШЫ. = did = ОМ 
Р Pç Р, Р. P, Fe 
(ЕЗІН йіп OIIE ояна 0318 o 
ü: 118 0087 0144 
0r 346] гізі FI 0171 0: 367 295 
0384 Ür Li 0-389 0394 0-446 
0-249 ays FI oar 0:596 
ma 0312 FHI 045 0444 0747 
90-458 375 FEE 0-476 DRIE 
Fd (БАЗЕ. (0492 0-61 0503 1348 
ir506 0-50] (ЕЗІ? тез 0310 ГІ» 
ы 0-564 0-543 0-812 0447 1:350 
(газа 0627 0-58 0-901 (r584 1504 
rive re 0-55 Oro li 1651 
Oa {+751 D-620 1085 1202 
816 0645 1114 (е 1953 
Táil 0-79 0-87 1-266 FE 2104 
075 ағы? Û 1:357 0-720 2-234 
1:005 1:447 ü- 747 | 
FTA 1-058 0-747 1:518 0774 2-356 
0747 І:121 ü T? 1:629 FBI 24 
(ЕТТ2 1194 ü- 799 119 Т-Е29 21-897 
0796 1257 FEM 1:810 0:856 34008 
ЕЛП 1:319 FESI 1:90] BEI 3159 
FEAL 1:182 ПЕТА 1592 ü-910 yr 
FBR 1445 wa + 0938 3-460 
0-52 i] FOE. oT 2173 КЕЗІ 
817 ЖҮ 0952 2254 0-992 3762 
0941 1:634 FTE 1354 14019 3912 
(965 1-697 1003 2444 
Dya 1760 1009 2446 
1:013 1823 Гг гөл 
1007 1:86 1080 TTT 
1061 1 1103 2808 
1 "086. 2012 ІШЕ) 1893 
1110 2075 1:157 i929 
МЕЗ! 2138 ШІ. Mg 
1:158 2201 1308 ITI 
1-182 , 2264 1233 1262 
1:20 2327 1235 1-352 
1:231 2-300 1-284 3441 
1:233 2453 1-310 3:534 
1279 2316 1:336 зы 
1:303 251% 1:361 3715 
1327 Tp? 1:187 V BOR 
1:331 2705 1:412 NES] 
1-373 2 8 1:438 3-987 
203 


TABLE 77 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 
REINFORCED SECTIONS 


fae = 70 Nimm’ 
бы 230 N/mm? 

мы, afd 0-05 Р ^ #14 ею gd = 015 d'id = 0-20 
Nims P, Pe Pi P, P, Р, Р, Р. 
092 042 0497 0-443 ачхю 0441 0013 0443 0021 
095 0456 0035 FAST a7 (458 сня {459 0113 
1:00 ото іне 851211 ШІ 0424 0.160 ОБЕ 0266 
1:05 0502. 131 0505 its (кй 20-232 0514 0419 
1:10 FSS 0.179 (530 239 0331 (344 {541 0872 
1:13 THE P 0554 (ЕН 0560 0:434 0-568 (Е723 
1:20 zn 275 0-578 0367 0424 (0-595 (87% 
1:24 ür FED gen 0431 rel? (ré (622 1091 
1:30 0-61 От roe 0495 (ЕТІЗ 650 1:184 
1:34 TEY Fale 0650 psig 0804 miT 1337 
140 0-662 0466 04% 0622 Dr 68 0497 (704 1:490 
1:45 0-685 0514 0-60 {гй (714 0989 0731 1313 
150 O TIE (+562 0-723 0140 0:739 1081 0-758 [TE 
1:35 oTi 0-510 0747 0814 0765 1173 0784 1:949 
1:60 аты 0.653 eT FETS o7 1:265 07-813 T1102 
1:45. ЕТТІ 0-04 05795 0-942 eis 1357 ғыс 2-255 
1-70 0-799 0753 ORIS 1006, 0842 1:449 0867 там 
1:74 но? FENH FEH 1:070 (rin? 1541 CHEM 2561 
1:B0 (riis інме (ав 1134 ИД, 1633 rg 2714 
1:85 BEA 0897 FEYZ 1:198 0919 1,724 (-94R 2:867 
190 20-891 һы 916 1:262 0344 1417 FFT ЗЧ 
194 ir914 0993 0940 1-325 0970 Ел 1-008 1173 
20 0937 1 оны 1:389 rds 2-002 100 FHI 
2-05 О-у 1-088 0388 1:453 1021 20594 1-057 3479 
210 FE 1-136 1:013 1517 1046 2186 1:084 T6532 
215 1-005 1-184 1:037 1:381 1072 i278 1-111 3783 
2-20 15028 1232 14061 1:645 1:098 2370 1:139 3934 
2:25 1051 1280 1085 17068 1:123 2462 
23 1074 1:328 1:109 1773 1:149 2-554 
235 1:097 1376 1:133 1:837 І:174 2-645 
240 1120 1423 ІЗІЗЕ 1:901 1200 1738 
2-45 1:143 1471 LEZ 1:965 1225 2:830 
2-50 1166 1-519 12306 2:008 1251 2:977 
2-55 1:183 1: 1-20 2082 1277? 3014 
2-60 15211 1615 1 2156 i302 3:106 
2-65 1:234 15653 1278 22M 1128 
2-70 1257 1711 1-903 2-284 1353 3291 
2-7% 1:280 1738 1-327 THE 1:379 i 
2-80 1:38 1-806 1-351 1:404 3475 
2-85 1:326 1:854 1:375 2-476 1:430 y 
290 1:345 1:502 1:399 1:540 1-456 3 
295 1371 1:950 газ 1481 3751 
3-00 1:394 1098 1:447 1-507 3 
3-04 15417 24346 1412 ZTM 1:532. 3:935 
3-10 1-440 2453 1:496 2794 1:558 4-027 


| WORKING STRESS METHOD | 


TABLE 78 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 
REINFORCED SECTIONS 


Gd 85 Njmm! 
бы = 230 Nimm’ 
да = 0-05 d'id = 0:10 аја = 0-15 ГЫ = 0-20 
Nimmi Р Pe P, Ра P, Ps Pi Р, 
ЕП 0334 00) 0534 üü 0-334 0-000 0534 бы 
1:14 0441 [ый 0553 ініні (454 OTT 0556 0128 
1:20 373 S77 F118 0:480 FIT DF583 (гі? 
i25 358 0137 TH Oris alo 0:437 
130 oxi IBF 0625 08247 0631 60-156 tr&17 erri 
1:35 0.644 0-234 0-650 0312 (r657 0449 665 0747 
140 0657 0-282 0-674 0377 (0542 12771 0-901 
145 04 0-330 Ова 0441 ir TOR 0616 0719 1056 
1:50 0712 0379 0-722 FH от 0-746 1211 
1:55 0135 0:427 0-747 FTO 0759 FEL FTI 1:266 
160 0758 0476 FTI (0r635 0783 (r215 Фо 1520 
184 Ts 0524 0-700 ALO 07828 (ТЕЛЕ) 
170 м (-572 0-819 (0-764 0-236 1-101 0-844 1-830 
1-75 0827 0-621 DBA 0-829 0-861 1:194 BEZ 1965 
1-80 0840 0659 BET TRH (887 1287 ae 2:139 
83 ЕЗ (ЕТІН 0891 0958 £r913 1:381 0-936 1294 
1:91 Or Bos 0:916 1403 0938 1:474 risi 1449 
1:95 0:919 ТЕЛІ 0-940 1088 0954 1:567 0-01 2-604 
200 | Қы) 1:152 0099 1:680 I UIE 2758 
203 оын oi HEE 15217 1015 1733 1:043 1913 
210 (r287 ЕТЕ 1-282 1:040 1:845 1072 34068 
215 1010 108 1:016 Ыб 10665 1:239 rey zn 
220 1-033 1:057 1-061 141 1:082 201 1-126 1377 
2215 1:056 1-105 1:085 175 1:117 2:126 ris 3:532 
230 1:079 1:153 1109 1540 1143 2219 ГІШ 3:687 
235 1101 TDi 14 13805 1168 2312 1:208 іші 
240 1124 1:250 1:157 1559 1:154 2405 1335 1-996 
245 1147 1-299 1:181 1-734 1'219 2498 
20 1:170 1347 105 1799 1'245 2591 
253 1193 1-95 17230 1:63 1271 eH 
2-60 1216 1-444 1234 1-928 1:296 277 
254 1:239 1-492 1278 1:903 1:322 2871 
20 1-262 1:341 1-32 2-047 гыт 1964 
“14 1"28% 1-389 1-326 122 1:373 39097 
280 [307 1637 1:350 2186 1-398 3150 
285 1:330 1:686 1:373 251 1:424 3243 
200 1:353 [734 1:399 2116 1:450 3335 
2193 1:376 1783 [423 1475 3:429 
3:00 1:399 1831 1447 ГЕ тіз 
3:05 1422 пета 1:471 2410 1:526 34616 
3:10 1445 1923 1:495 T3474 1:552 3008 
315 1458 1:976 1:320 1:578 3-802 
ж 14% 21-027 1:344 TEDE 3895 
3215 1'513 2073 1:568 2768 pm 3 9H 
330 1:536 rit 1:592 1833 ген 4081 


О cbe 


| 8.5 


TABLE 79 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY 


BE 


е 
= 
=i 


ТЕСЕ 


š 288 


сит тте 
SRS 9555 


- 


E 
La 
= 
re 


IET 


2i ІЗІН ішіп ші 
TE 


фа фе. 
а 


22154 i 


- 


REINFORCED 


Sade 10-0 Mimi 


ad'ideüriü d id=] аі Q 
m = = Жи, : - 

m Р nm Pe nm Po 
Емі FOOT 0630 0041 0631 0017 
0-48) (0-060 0431 0086 0632 ыз 
0674 0125 FETE Piko 0679 0-299 
0-69Я 0190 Ür MN: 0274 TOT Pasg 
0722 0236 06-728 0368 0-734 0612 
0746 0-321 733 76] 0769 
Т?П 0-387 FT S57 OTH 0925 
0794 0-432 ШЫ 0-81 14082 
FBI 0-517 ürB30 Е 1:218 
ыы 0-583 05833 (439 ЕТО 1:395 
FEET ӨН (ERI озы (ras 1:351 
ЕЗІ 0713 FT 1-28 0924 1:708 
(F915 OF FIr 1122 (r251 iagi 
әт ig big 1:216 ors 2001 
0964 0910 0981 1:310 1:006 2178 
oo 0974 13006 1-405 1:033 1334 
EHF 1040 13034 газ 1060 1491 
1035 1-106 12060 1-593 1-087 2-47 
1-060 FIT 12086 IAT ҮШ 2-8ім 
13084 1337 1:111 1781 1141 29600 
1:108 1:0 1137 1:876 116% 3-17 
за 1:367 1:162 1-970 1:196 1-271 
ШЕН 1-433 1-188 2064 123 1-41 
1:181 1-498 1-213 2158 1:250 3385 
1205 1-564. 1 IIR ITT 21-7141 
1229 17629 1:26: 347 мы 3-899 
1233 1:654 1-290 2441 

1278 17760 1316 2:535 

rax 1-825 1:341 2:629 

1:326 1290 1:367 2713 

1:330 1956 1393 1818 

r374 тан 1-418 2912 

1:398 Fi n 1444 320086 

газа тіз 1-469 3100 

pan 2217 1493 3194 

1-71 233 1320 3289 

1:493 2:348 1544 3383 

1751 2414 БЕТЕ: атт 

1:343 1479 1-397 im 

1:367 2344 1623 31665 

1-392 2610 гы 3760 

1616 1615 LEM 3434 

15540 2740 1-699 3-948 

1-564 2-806 

1688 2811 


DESIGN AIDS POR REINFORCED CONCRETE 


WORKING STRESS METHOD 


TABLE 80 SHEAR — PERMISSIBLE SHEAR STRESS IN CONCRETE, те, N/mm? 


100 Ast GRADE OF CONCRETE 
“Мм” س‎ — 
M15 M20 M25 M30 M35 M40 
0:20 0:20 0:20 021 0:21 0:21 0:21 
0:30 0:24 0:24 0:25 0:25 0:25 0:25 
0:40 0-27 027 0:28 0:28 0-29 0:29 
0:50 0-29 0°30 0:31 0:31 0:31 0:32 
0: 0:31 0:32 0:33 0:33 0:34 0-34 
070 0-33 0°34 0:35 0-36 0:36 0:37 
0:80 0:34 0:36 0:37 0:38 0:38 0:39 
0:90 0:36 0:37 0:39 0:39 0:40 0:41 
1:00 0:37 0:39 0:40 041 0:42 0-42 
110 0:38 0-40 0°42 0:43 0:43 0:44 
1:20 0:40 0:41 0-43 0:44 0:45 0:45 
1:30 0:41 0:43 0:44 0:45 0°46 0:47 
1:40 0:42 0:44 0:45 0:46 0:47 0:48 
1°50 2 0°45 0°46 0°48 0°49 0-49 
1-60 043 046 047 0-49 0-50 0:51 
1:70 44 0°47 0:48 0:50 0:51 0:52 
1:80 0:44 0:47 0-49 0:51 0:52 0:53 
1:90 0:44 0-48 0:50 0:52 0:53 0:54 
2:00 044 0-49 0:51 0:53 0:54 0:55 
2:10 0°44 0-50 0-52 0-54 0-55 0:56 
2:20 0°44 0°51 0°53 0°54 0°56 0:57 
2:30 0:44 0:51 0:53 0°55 0°57 0°58 
2°40 0°44 0°51 0°54 0°56 0°57 0°59 
2°50 0°44 0°51 0°55 0°57 0:58 0:60 
2:60 0:44 0:51 0:56 0:57 0:59 0-60 
2:70 0:44 0:51 0:56 0:58 0:60 0:61 
2:80 0:44 0:51 057 0-59 0-60 0-62 
2'90 0°44 0°51 0:57 0:59 0:61 0:63 
TABLE 81 SHEAR — VERTICAL STIRRUPS 
Values of 5 Гог two legged stirrups, kN/cm 
бау = 140 N/mm? | Gsv = 230 N/mm! 
етан DIAMETER, mm AMETER, mm 
PACING, ————— a 
z 8 10 > 12 G 8 10 12 
5 1:583 2:815 4:398 6:333 2:601 4.624 7-226 10:405 
6 1:314 2:346 3:665 5:278 2:168 3.854 6:02 8:671 
7 1:131 2:011 3:142 4:524 1:858 3.303 5:161 7:432 
8 990 1:759 2:749 3-958 1:626 2.890 4:516 6:503 
9 0:880 1:564 2:443 3:519 1:445 2:569 4:014 5:781 
10 0:792 1:407 2:199 3:167 1:301 2:312 3:613 5:202 
11 0-720 1:279 1:999 2:879 1:182 2:102 3:284 4:730 
12 0-660 11173 1:833 2:639 1:084 1-927 3012 4:335 
13 0:609 1:083 1:692 2:436 1:000 1:779 2779 4:002 
14 0:565 1:005 1:571 2:262 0:920 1:652 2:580 3:716 
15 0:528 0:938 1:466 2:111 0:867 1:541 2:409 3:468 
16 0:495 0:880 1:374 1:979 0:813 1:445 2:258 3:252 
17 0°466 0:828 1:294 1:863 0:765 1:360 2:125 3-060 
18 0:440 0:782 1:222 1:759 0:723 1:285 2:007 2:890 
19 0:417 0:741 1:157 1:667 0:605 1:217 1:901 2:738 
20 0:396 0:704 1:100 1:583 0:650 1:156 1:806 2:601 
25 0:317 0:563 0:880 1:267 0:520 0:925 1445 2-081 
30 0:264 0:469 0:733 1:056 0:432 0:771 1:734 
35 0:226 0-402 0:628 0:905 0:372 0:661 1:032 1:486 
40 0:352 0:550 0:792 0:325 0:578 0:903 1:301 
45 0:176 0:313 0:489 0:704 0:289 0:514 0:803 1:156 
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| WORKING STRESS METHOD | 


TABLE 82 SHEAR — BENT UP BARS 


Values.of V, for single bar, kN 
BAR Фу = 140 N/mm? up to 20 mm diameter 
DIAMETER, == 130 N/mm? over 20 mm diameter 9,v— 230 N/mm? 

a=45° a=60° а=45° a — 60? 
10 7-78 9°52 12:77 15:64 
12 11:20 13°71 18:39 22 53 
16 19°90 24-38 32°70 40°05 
18 25°19 30°86 41°39 50°69 
20 31°10 38-09 51:09 62:58 
22 34:94 42:80 61:82 75:72 
25 45:12 55:26 79:83 97:77 
28 56:60 69:32 100:14 122.65 
32 73:93 90:54 130:80 160.19 
36 93:57 114:60 165:54 202.75 


NOTE — a is the angle between the bent up bar and the axis of the member. 


TABLE 83 DEVELOPMENT LENGTH FOR PLAIN BARS 


вит 140 N/mm? for bars up to 20 mm diameter 
= 130 N/mm? for bars over 20 mm diameter 
o, = 130 N/mm? for all diameter 


Tabulated values are in centimetres. 


TENSION BARS COMPRESSION BARS 

BAR GRADE OF CONCRETE GRADE OF CONCRETE 
DIAMETER, | — n m (M ——— n  —. 
mm М15 M20 M25 M30 M15 M20 M25 M30 
6 35:0 26:3 23:3 21:0 26-0 19-5 17:3 15°6 
8 46:7 35:0 31°] 28:0 347 26:0 23:1 20:8 
10 58:3 438 38:9 35:0 43:3 32:5 28:9 26:0 
12 70:0 52:5 467 420 520 390 34-7 31:2 
16 93:3 70:0 62:2 56:0 69-3, 52:0 462 41:6 
18 105-0 78:8 70:0 63:0 78:0 58-5 52-0 46:8 
20 1167 87°5 778 70:0 86:7 65:0 578 520 
22 119-2 89°4 79-4 71:5 95:3 71:5 63:6 573 
25 135:4 101:6 90:3 813 108:3 81:3 72:2 65:0 
28 15177 113:8 101:1 91:0 121:3 91:0 80:9 72:8 
32 173:3 130:0 1156 104:0 138:7 104:0 92:4 83:2 
36 195:0 1463 130-0 1170 1560 1170 104:0 93:6 
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| WORKING STRESS METHOD | 


TABLE 84 DEVELOPMENT LENGTH FOR DEFORMED BARS 


Tabulated values are in centimetres. 


Bar 
DIAMETER, (----------- 

mm MIS 
6 4141 
8 54-8 
10 68-5 
12 82-1 
16 109.5 
18 123-2 
20 136-9 
22 150:6 
25 1711 
28 191:7 
32 219-0 
36 246:4 


TENSION BARS 


GRADE OF CONCRETE 


M25 M30 
27:4 24:6 
36:5 32:9 
45:6 411 
54-8 49°3 
73:0 65:7 
82-1 73:9 
913 82-1 

100:4 90-4 

1141 10277 

127-8 115:0 

1460 1314 

164:3 1479 


og = 230 N/mm? 
og = 190 N/mm? 


COMPRESSION BARS 
GRADE OF CONCRETE 


— TW T- 
M15 M20 M25 
271 20:4 18-1 
362 271 241 
45:2 33°9 30°2 
54:3 40:7 362 
72:4 54:3 48:3 
814 61-1 54-3 
90-5 67-9 603 
99°5 74:6 66:3 

1131 84:8 75:4 
1267 95:0 844 
144:8 108:6 96:5 
162:9 122:1 108°6 


TABLE 85 DEVELOPMENT LENGTH FOR DEFORMED BARS 


Tabulated values are in centimetres. 


TENSION BARS 


аз = 275 N/mm? 
5, = 190 N/mm? 


COMPRESSION BARS 


BAR GRADE OF CONCRETE GRADE OF CONCRETE 
DIAMETER, р Oo -------------------------, 
тт МІ5 М20 М25 M30 M15 M20 M25 M30 
6 49-1 368 327 29:5 271 20:4 18:1 16:3 
8 65:5 49-1 43:7 39:3 362 271 24-1 21-7 
10 81:8 61:4 54:6 49-1 45:2 33.9 30:2 27-1 
12 98:2 73:7 65:5 58:9 54:3 40:7 362 32-6 
16 131-0 98.2 87:3 78:6 72:4 54:3 48-3 43-4 
18 147:3 110°5 98-2 88-4 814 61:1 54:3 48:9 
20 163:7 122:8 109-1 98:2 5 67:9 60-3 54-3 
22 180:1 135:0 120:0 108:0 99:5 74:6 66:3 59-7 
25 204:6 153:5 136:4 1228 11341 84:8 75:4 679 
28 229:2 171:9 152:8 137:5 126°7 95:0 84:4 76:0 
32 261:9 196:4 174:6 157:1 144-8 108:6 96:5 86:9 
36 294:6 221:0 196:4 176:8 162:9 122-1 108-6 97-7 
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7. DEFLECTION CALCULATION 


7.1 EFFECTIVE MOMENT OF 
INERTIA 


A method of calculating the deflections is 
given in Appendix E of the Code. This 
method requires the use of ап effective 
moment of inertia Jer given by the following 
equation j 

r 


3 М. 2 x ү be 
12-3 1-7) T 


la = 


but, 
where 
I, is the moment of inertia of the cracked 
section ; 
M, is the cracking moment, equal to fle 
t 
where 
Ser is the modulus of rupture of con- 
crete, Iç is the moment of inertia of 
the gross section neglecting the re- 
inforcement and у, is the distance 
from the centroidal axis of the 
gross section to the extreme fibre in 
tension; 
M is the maximum moment under service 
loads; 


z is the lever arm; 

d is the effective depth; 

x is the depth of neutral axis; 

bw is the breadth of the web; and 

b is the breadth of the compression face. 


The values of x and z are those obtained 
by elastic theory. Hence z = d — x/3 for 
rectangular sections; also b = by for rec- 
tangular sections. For flanged sections where 
the flange is in compression, b will be equal 
to the flange width br. The valuc of z for 
flanged beams will depend on the flange 
dimensions, but in order to simplify the 
calculations it is conservatively assumed the 
value of z for flanged beam is also d — x/3. 
With this assumption, the expression effec- 
tive moment of inertia may be written as 
follows: 


ا ا 
же сено‏ 
М 34 а»‏ 
but, ы >1‏ 
r‏ 


Chart 89 can be used for finding the value of 


in accordance with the above equation. 


1, 


DEFLECTION CALCULATION 


The chart takes into account the condition 
да > 1. After finding Ше value of Jer it has 


to be compared with Ig, and the lower of 
the two values should be used for calcula- 
ting the deflection. 


For continuous beams, a weighted average 
value of мт should be used, as given in 
B-2.1 of the Code. 


72 SHRINKAGE AND CREEP 
DEFLECTIONS 


Deflections due to shrinkage and creep can 
be calculated in accordance with clauses B-3 
and B-4 of the Code. This is illustrated in 


Example 12. 


Example 12 Check for deflection 

Calculate the deflection of a cantilever 
beam of the section designed in Example 3, 
with further data as given below: 


Span of cantilever 40 m 
Разг moment at service 210 kN.m 


Sixty percent of the above moment is due to 
rmanent loads, the loading being distri- 
uted uniformly on the span. 


i = 300 х (600) 
Ї 12 
From clause 5.2.2 of the Code, 
Flexural tensile strength, 
fa = 07у fa N/mm? 
Ла = 0-7 VIS = 2:71 N/mm? 
ж = D/2 = % == 300 mm 


жк 5*4 x 10% mmt 


Mus £ І 2:71 x $4 x 10° 
t 300 


= 4:88 x 10° N.mm 
d'jd = ( 22%) = 0067 
414 == 0:05 will be used in referring to Tables. 
From 5.2.3.1 of the Code, 
Е = 5700 V f N/mm? 
= 5 700 4/15 = 22:1 x 103 N/mm? 
Е == 200 kN/mm? = 2 x 105 N/mm? 


2 x 105 | 
т = Е = 35. y 10 = 9 05 


213 


From Example 3, 

р = 1.117, p. = 0.418 

pm — 1)/(p m) = (0.418 х 8.05)/ 
(1.117 X 9.05) = 

pum = 1.117 X 9.05 = 10.11 

Referring to Table 87, 


1,/(bd’ 12) = 0.720 
at T = 0.720 X 300 X (562.5)'/12 
= 3.204 X 10° тт“ 


Referring to Table 91, 
X 
v 0.338 


Moment at service load, M = 210 kN.m 
= 21.0 X 10’ N.mm 


88 X 10 
мім = 28810, 0.232 


Referring to Chart 89. 
Laf = = 1.0 
2 Да = h = 3.204 X 10° mm’ 
For a cantilever with uniformly distributed 
load, 


1 MP 
зды deflection = 1 ЕГ, 


21.0 X 10’ x (4000) 


— 4X221 X I0 X 3.204 X 10° 
— 11.86 mm NO 


Deflection due to shrinkage (see clause B-3 
of the Code): 


a. = k, V. Û 
k; = 0.5 for cantilevers 
p = 1.117, p. = 0.418 
р-р. = 1.117 - 0.418 = 0.699 < 1.0 
Cones 
Pr 
= 072 x (1.117 — 0.418) 
V 1.417 
= 0.476 | 


In the absence of data, the value of the 
ultimate shrinkage strain £, is taken as 
0.000 3 as given in 5.2.4.1 of the Code. 


D = 600 mm 
- Shrinkage curvature Ya = k, 22 5 
_ 0.476 х 00003 _ E 
600 = 2.38 X 10 
а, = 0.5 X 2.38 X 10” X (4 000) 
= 1.90 mm ...(2) 
214 


Deflection due to creep, 


Ace (perm) — Aice (perm) — @ (perm) 

In the absence of data, the age at loading 
is assumed to be 28 days and the value of 
creep coefficient, 0 is taken as 1.6 from 


5.2.5.1 of the Code. 


_ Ё 
Е. = тә 
_ 22.1 X10 _ TR 
“irie 059510 N/mm 
_ E _ 2X10 _ 
mE C ESI So 
р‹= 1.117, р. = 0.418 


ре (m ¬ 01 (pum) = 0.418(23.53 — 1)/ 
(1.117 X 23.53) 
= 0.358 


Referring to Table 87, 


L| (bd? 12) = 1.497 
I, = 1.497 X 300 (562. 5/12 


= 6.66 X 10° тт“ 
1 < Ки < = Ін 
6. к 10 < kı < 5. 4х 10° 
Ç ГАХ = 8, 4» X 10? папа“ 
ice (perm) > Initial plus creep deflection due to 
permanent loads obtained using the 
above modulus of elasticity 
ЕЕ Mf 
4 се 
_ 1, (0.6 X 21 X 10’) (4 000) 


4 8.5 X 10 x 5.4 x 10° 
1 


di (p = Short term deflection due to 
permanent load obtained using Е. 
_ 1 „ (0.6 x 21 X 10) (4 000)’ 
4 22.1 X 10° X 3204 X 10° 
= 7.12 mm 
^ opem = 10.98 — 7.12 = 3.86 ...(3) 
- Total deflection (long term) due to initial 
load, shrinkage and creep 
= 11.86 + 1.90 + 3.86 = 17.62 mm. 


According to 22.2(a) of the Code the final 
deflection should not exceed span/250. 


Permissible deflection = = 16 тт. 
250 

The calculated deflection is only slightly 

greater than the permissible value and hence 

the section may not be revised. 
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Chart 88 MOMENT OF INERTIA OF T - BEAMS 
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Chart 89 EFFECTIVE MOMENT OF INERTIA FOR 
CALCULATING DEFLECTION 
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* DEPTH OF SLAB, ст 


Chart 90 PERCENTAGE, AREA AND SPACING OF BARS 
IN SLABS 
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AREA OF REINFORCEMENT cm? PER METER WIDTH 


ж USE EFFECTIVE DEPTH OR OVERALL WHICHEVER IS USED FOR CALCULATING р 
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SPACING OF BARS, cm 


217 


Chart 91 EFFECTIVE LENGTH OF COLUMNS — 
Frame Restrained Against Sway 
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ne for the raming into a joint; Kc an flexura nesses of colu beam respective 
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Chart 92 EFFECTIVE LENGTH OF COLUMNS — 
Frame Without Restraint to Sway 


HINGED 1° 


f 


ка 
Sait 
ҚТЫ 


0 0 
š е 
y А: ° 
u. P ad 


Band В, are the values of В at the top and bottom of the column, where B= Ite Ke’ the summation 
done for the members framing into a joint; Ke and Kb are the flexural stiffnesses of column and beam respectively. 
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TABLE 86 MOMENT OF INERTIA — VALUES OF 542/12 000 


b, ст 
а, ст 

10 15 20 25 30 35 40 45 50 

10 0-8 1-2 1:7 21 25 2:9 3-3 3:7 42 
1 1:1 17 22 28 33 39 44 50 55 
12 14 22 2:9 3:6 43 50 58 65 7:2 
13 1-8 27 3-7 46 5°5 64 T3 82 9:2 
14 23 34 46 5:7 6:9 8:0 9-1 10°3 114 
15 28 42 5:6 7:0 8:4 9-8 11:3 12:7 14-1 
16 34 5:1 68 85 10:2 11:9 13:7 15:4 171 
17 41 61 82 10:2 12.3 14-3 164 18:4 205 
18 49 T3 | 97 12:1 14°6 170 19:4 21:9 24:3 
19 57 8-6 11:4 14:3 171 20:0 22:9 25:7 28:6 
20 67 10:0 13:3 16:7 20-0 23:3 26:7 30:0 33:3 
21 73 116 15:4 19:3 23:2 27:0 30:9 34:7 38:6 
22 8:9 13:3 17:7 22:2 26:6 311 35:5 39:9 444 
23 10:1 152 203 25.3 30-4 35:5 40-6 45:6 50:7 
24 11:5 17:3 23:0 28-8 34:6 40:3 461 51:8 5T6 
25 13-0 19:5 26:0 32:6 391 45:6 5241 58:6 65:1 
26 146 22:0 29:3 36:6 439 51.3 58:6 65:9 73:2 
27 164 24:6 328 41:0 492 574 65:6 73:8 82:0 
28 18:3 27:4 366 45:7 54:9 64:0 732 82:3 91:5 
29 203 30:5 40-6 50-8 61:0 71-1 81:3 91-5 101°6 
30 22:5 338 450 56:3 675 78:8 90:0 101:3 112°5 
32 273 41:0 54:6 68:3 81:9 95:6 109-2 122:9 136°5 
34 32:8 49-1 65:5 81:9 98.3 114-6 131:0 147-4 163°8 
36 38:9 58:3 7T8 972 116-6 136-1 155-5 175:0 194-4 
38 45:7 68:6 91-5 114:3 1372 160:0 1829 205:8 228:6 
40 53:3 800 106°7 133°3 160-0 186:7 2133 240:0 266:7 
42 61:7 92-6 123-5 154-3 185-2 216-1 24T0 2778 308-7 
44 710 106:5 142:0 177-5 213-0 248.5 283-9 319-4 354-9 
46 81°1 121:7 162-2 202.8 2433 2839 324:5 365:0 405:6 
48 92:2 138:2 184:3 2304 276:5 32276 368:6 4147 460:8 
50 104:2 1562 208:3 2604 312:5 364:6 4167 468:7 520:8 
52 172 175:8 234:3 292:9 351:5 410-1 468:7 5273 585:9 
54 1312 196:8 2624 328:0 393:7 459-3 524-9 590:5 6561 
56 146:3 219:5 292:7 365:9 4390 5122 585:4 658:6 7317 
58 162:6 243:9 325:2 406:5 4878 5691 650:4 731:7 813°0 
60 180-0 2700 360:0 450:0 540:0 630:0 7200 8100 9000 
65 228:9 3433 457:7 572:1 686-6 801:0 915۰4 1029-8 1144-3 
70 285:8 428:7 571:7 714:6 857:5 1000-4 1143:3 1286-2. 1429-2 
75 3516 527:3 7031 878:9 10547 1230-5 1406°3 1582:0 1757:8 
80 426:7 640:0 8533 1066:7 12800 1493:3 1706:7 19200 2133:3 
85 511°8 767:7 1023:5 1279:4 1535:3 1791:2 2047:1 2303-0 25589 
90 607:5 911:3 1215:0 1518:8 1822:5 21263 24300 2733:8 3037.5 
95 7145 1071:7 1429-0 1786:2 2143:4 2500°7 2857:9 3215°2 3572:4 
100 833:3 1250:0 16667 2083:3 25000 29167 3333:3 37500 41667 
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TABLE 87 MOMENT OF INERTIA OF CRACKED SECTION — 
VALUES OF (5) 


4']4=0°05 
рет--1)(рип) 
pm 

0:0 0:1 0:2 0:3 0:4 0-6 0:8 1:0 
1:0 0:100 0:100 0:100 0:100 0:100 0:100 0:100 0:100 
r5 0:143 0:144 0:144 0:144 0:144 0:145 0:145 0:145 
20 0:185 0:185 0-186 0:186 0:186 0:187 0:188 0:188 
2:5 0:224 0-225 0:225 0-226 0:227 Ф 0-230 
3:0 0262 0-263 0:264 0:264 0:265 0:267 0:269 0:270 
3:5 0:298 0:299 0:300 0:302 0:303 0:305 0-308 0:310 
40 0:332 0:334 0:336 0:338 0:339 0:343 0:346 0:348 
4:5 0:366 0:368 0:371 0:373 0:375 0:379 0-383 0-386 
5:0 0-398 0:401 0:404 0:407 0:409 0:414 0:419 0:424 
5:5 0:430 0:433 0:437 0:440 0:443 0:449 0:455 0:460 
6:0 0:460 0:465 0:469 0:472 0:476 0:483 0:490 0:496 
6:5 0:490 0°495 0:500 0:504 0°509 0°517 0°525 0:532 
TO 0:519 0:525 0:530 0:535 0:540 0550 0:559 0:567 

TS 0:547 0:554 0:560 0:566 0:571 0:582 0:592 0 
8:0 0:575 0°582 0°589 0°596 0-602 0-614 0-626 0:636 
8:5 0:601 0:610 0617 0:625 0:632 0:646 0:659 0-670 
9-0 0:628 0:637 0:645 0:654 0: 0:677 0:691 0-704 
9:5 0:653 0:663 0:673 0:682 0:691 0:708 0:723 0-738 
10-0 0°678 0-689 0-700 0:710 0-720 0:738 0:755 0771 
10:5 0:703 0:715 0:727 0:738 0:748 0:769 0:787 0:804 
110 0:727 0°740 0:753 0:765 0:777 0:798 0:818 0:837 
11:5 0:750 0:764 0:778 0:792 0:804 0-828 0:850 0:869 
12:0 0:773 0-789 0:804 0:818 0-832 0:857 0:880 0:902 
125 0:795 0:812 0:829 о 0:859 0:886 0:911 0:934 
13:0 0:818 0:836 0:853 0:870 0:885 0:915 0:942 0:966 
13:5 0:839 0:859 0:877 0:895 0:912 0:943 0:972 0:998 
140 0:860 0:881 0:901 0:920 0:938 0:972 1:002 1:030 
14:5 0-881 0:904 0:925 0:945 0:964 1:000 1:032 1:061 
150 0:92 0:926 0:948 0-969 0:990 1:027 1:062 1:093 
15°5 0:922 0°947 0:971 0:994 1:015 1:055 1:091 1:124 
16-0 0-942 0:968 0-994 1°018 1:040 1:083 1121 1:155 
170 0:980 1010 1°038 1:065 1:090 1:137 1:179 1:217 
18-0 1°018 1-051 1-082 1111 1:139 1191 1:237 1:278 
19:0 1:054 1:090 1:125 1:157 1-188 1:244 1:294 1:340 
20:0 1-089 1:129 1:166 1:202 1:235 1296 1:351 1:400 
21:0 1:123 1:167 1:207 1:246 1:282 1:348 1:408 1:461 
22:0 1:156 1:203 1:248 1:289 1:328 1:400 1:464 1:521 
23:0 1:188 1:239 1:287 1:332 1:374 1:451 1:519 1:581 
24:0 1:220 1:274 1:326 1:374 1:419 1:502 1:575 1-640 
250 1:250 1:309 1:364 1415 1:464 1:552 1:630 1:699 
260 1:280 1:342 1:401 1456 1:508 1:602 1:685 1:758 
270 1°308 1°376 1°438 1°497 1:552 1641 1:739 1:817 
280 1:337 1:408 1:475 1:537 1:595 1701 1:794 1:876 
29:0 1:364 1:440 1:510 1:576 1:638 1-750 1:848 1:934 
30-0 1:391 1:471 1:546 1:615 1:681 1:798 1:902 1993 
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TABLE 88 MOMENT OF INERTIA OF CRACKED SECTION — 


Баз 
VALUES OF I/(75-) 
414-010 
Ре(т--І)/(р,т) 
pum (=т=т шее ee — 
0-0 01 02 03 0-4 0-6 0-8 10 
10 0100 0-100 0-100 0-100 0-100 0-100 0-100 0-100 
1-5 0143 0-143 0-144 0-144 0-144 0-144 0-144 0-144 
20 0:185 0:185 0-185 0:185 0:185 0:186 0:186 0:186 
25 0:224 0: 0:225 0-225 0:225 0:226 0:226 0227 
30 0262 0-262 0-263 0-263 0-263 0-264 0265 0:266 
35 0-298 0-298 0-299 0-300 0:300 0:302 0:303 0:304 
40 0-332 0:333 0:334 0:335 0:336 0:338 0-340 0341 
4-5 0-366 0-367 0-369 0-370 0371 0:373 0:376 0:378 
50 0:398 0-400 0-402 0-403 0:405 0:408 0:411 0:413 
55 0-430 0:432 0-434 0-436 0:438 0:442 0:445 0-448 
6-0 0-460 0-463 0-466 0:468 0470 0-475 0:479 0-483 
65 0:490 0:493 0-496 0:499 0:502 0:507 0:512 0:517 
70 0:519 0:523 0:526 0-530 0:533 0-539 0:545 0:550 
TS 0:547 0-551 0:556 0:560 0:563 0:571 0577 0:583 
8-0 0-575 0-580 0-584 0-589 0:593 0-601 0:609 0616 
8:5 0-601 0:607 0612 0618 0-622 0-632 0:640 0-648 
9-0 0:628 0:634 0-640 0-646 0-651 0-662 0:671 0-680 
9-5 0-653 0:660 0:667 0-673 0-680 0-691 0:702 0-712 
10-0 0-678 0-686 0-693 0-701 0-708 0-720 0732 0743 
10-5 0-703 0711 0-720 0-727 0-735 0:749 0-762 0-774 
по 0-727 0-736 0-745 0:754 0:762 0:778 0-792 0:805 
11-5 0-750 0-760 0:770 0-780 0-789 0-806 0-822 0-836 
120 0-773 0-784 0-795 0:805 0-815 0-834 0-851 0:866 
12°5 0-795 0:808 0:820 0:831 0:841 0:861 0:880 0:896 
13-0 0:818 0-831 0-844 0:856 0:867 0-889 0-908 0926 
13:5 0:839 0:854 0:867 0:880 0-893 0:916 0:937 0:956 
14-0 0:860 0-876 0-891 0-905 0918 0-943 0-965 0-986 
14-5 0:881 0-898 0914 0-929 0943 0969 0:993 1-015 
15:0 0:902 0-920 0:936 0:952 0-968 0:996 1-021 1-044 
15-5 0-922 0-941 0:959 0:976 0-992 1022 1-049 1-074 
160 0:942 0:962 0:981 0:999 1:016 1-048 1-077 1-103 
17-0 0-980 1:003 1:024 1-045 1-064 1:099 1-131 1-160 
18-0 1-018 1:043 1:067 1089 1-111 1150 1-185 1:217 
19-0 1:054 1:082 1:108 1:133 1:157 1:200 1:239 1:274 
200 1-089 1:120 1:149 1:176 1202 1:249 1:292 1-330 
21:0 1:123 1:157 1:189 1:218 1:247 1:298 1:344 1:386 
220 1156 1:193 1:227 1:260 1291 1:347 1:396 1:441 
23-0 1-188 1:228 1:266 1:301 1:334 1:394 1:448 1:496 
24:0 1:220 1:263 1:303 1:341 1:377 1:442 1-500 1:551 
25-0 1:250 1:296 1:340 1381 1419 1:489 1:551 1:606 
260 1:280 1329 1:376 1:420 1:461 1:535 1-601 1:660 
270 1-308 1362 1:412 1:458 1:502 1:582 1:652 1:714 
28-0 1:337 1:394 1:447 1:496 1:543 1:627 1-702 1:768 
290 1:364 1:425 1481 1:534 1:583 1:673 1-752 1:821 
300 1:391 1:455 1:515 1:571 1:623 1:718 1801 1:875 
222 


DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 89 MOMENT OF INERTIA OF CRACKED SECTION — 
VALUES OF 1.) (=r) 


рт 


0-0 0-1 

10 0:100 0-100 
1:5 0:143 0-143 
20 0-185 0-185 
25 0-224 0-224 
3:0 0:262 0-262 
3:5 0-298 0-298 
40 0:332 0:333 
4-5 0-366 0-367 
50 0-398 0:399 
5:5 0:430 0:431 
6:0 0-460 0462 
6:5 0-490 0:492 
TO 0:519 0-521 
7:5 0:547 0-550 
8:0 0-575 0:578 
8:5 0-601 0-605 
9-0 0-628 09-632 
9-5 0-653 0-658 
100 0:678 0-683 
10-5 0-703 0-708 
110 0°727 0:733 
11:5 0-750 0:757 
12:0 0:773 0:781 
12.5 0-795 0-804 
13-0 0:818 0-827 
13:5 0:839 0:849 
14:0 0-860 0:871 
14:5 0:881 0:893 
15:0 0-902 0:914 
15:5 0-922 0-935 
16:0 0:942 0-956 
170 0-980 0:997 
18-0 1-018 1:036 
19-0 1-054 1-075 
200 1-089 11112 
210 1:123 1:148 
22-0 1:156 1:184 
230 1:188 1-219 
24:0 1-220 1:252 
250 1:250 1:286 
260 1:280 1:318 
279 1:308 1:350 
280 1:337 1:381 
29-0 1:364 I:411 
30-0 1:391 1:441 


DEFLECTION CALCULATION 


Р<т--1)Кр.т) 


93 


0:100 
0:143 


0-4 


0-100 
0:143 
0:185 
0:224 


223 


TABLE 90 MOMENT OF INERTIA OF CRACKED SECTION — 


VALUES OF I/ (ar) 
d'[d —0-20 
ре(т — 1)/(рет) 

с---Т----------------------------------------------- 
0-0 0-1 0-2 0:3 0:4 0:6 0:8 10 
0-100 0:100 0:100 0:100 0:100 0-100 0:100 0:100 
0:143 0:143 0:143 0:143 0:144 0:144 0:144 0:144 
0:185 0:185 0185 0:185 0:185 0:185 0:185 0:185 
0:224 0224 0:224 0-224 0:224 0:224 

0:262 0:262 0:262 0:262 0:262 0-262 0:262 0:262 
0:298 0:298 0:298 0:298 0:298 0:298 0:298 0:298 
0:332 0:333 0333 0:333 0:333 0:333 0:333 0:333 
0:366 0-366 0:366 0:367 0:367 0:367 0:367 0:368 
0:398 0:399 0:399 0:399 0:400 0: 0:401 0:401 
0:430 0:430 0:431 0:431 0:432 0:432 0:433 0:434 
0:460 0:461 0:462 0:462 0:463 0:464 0:465 0:466 
0:490 0:491 0:492 0:492 0:493 0:495 0:496 0:497 
0:519 0:520 0:521 0:522 0:523 0:525 0:526 0:528 
0547 0:548 0:550 0:551 0:552 0-554 0:556 0:558 
0575 0:576 0:578 0:579 0:580 0-583 0:586 0-588 
0601 0°603 0-605 0°607 0°608 0°612 0°614 0°617 
0°628 0°630 0-632 0:634 0:636 0:639 0:643 0:646 
0-653 0:656 0:658 0:660 0:663 0:667 0:671 0:675 
0:678 0-681 0:684 0:687 0-689 0:694 0:699 0:703 
0-703 0:706 0-709 0:712 07715 0:721 0-726 0-731 
0727 0:730 0:734 0:737 0:741 0747 0:753 0:758 
0-750 0:754 0:758 0:762 0:766 0-773 0:779 0:785 
0:773 0:778 0:782 0:787 0:791 0-799 0:806 0:812 
0795 0-801 0:806 0:811 0:815 0:824 0:832 0:839 
0-818 0:823 0-829 0:834 0:839 0:849 0-857 0:865 
0:839 0:846 0:852 0:858 0:863 0:874 0:883 0:892 
0:867 0:874 0:881 0-887 0-898 0-918 

0:881 0:889 0:896 0:903 0:910 0-922 0:933 0:943 
0:902 0:910 0:918 0:926 0:933 0:958 0:969 
0:922 0:931 0:948 0:955 0:970 0:983 0:994 
0:942 0:952 0:961 0-969 0:978 0:993 1:007 1:020 
1:002 1:012 1:022 1:039 1:055 1270 

1018 1-031 1:043 1:054 1-065 1:085 1°103 1:119 
1:054 1:068 1:082 1:095 1:107 1:129 1:150 1168 
1°089 1°105 1:120 1:135 1:148 1173 1:196 1:216 
1:123 1141 1:158 1174 1:189 1:217 1:241 1:264 
1:156 1:176 1:195 1:212 1:229 1:259 1:287 1:311 
*188 1:210 1:231 1:250 1:268 1:302 1:331 1:358 
1:220 1:244 1:266 1:287 1:307 1:343 1:376 1:405 
1:250 1:276 1:301 1:324 1:345 1:384 1:419 1:451 
1:280 1:308 1:334 1:359 1:383 1:425 1:463 1:497 
1:308 1:339 1:368 1:395 1420 1:465 1:506 1:542 
1:337 1:370 1:400 1:429 1:456 1:505 1:549 1:587 
1:364 1:399 1:433 1:463 1:492 1:545 1:591 1:632 
1:391 1:429 1:464 1:497 1:528 1:584 1:633 1:677 


DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 91 DEPTH OF NEUTRAL AXES — VALUES OF х4 


BY ELASTIC THEORY 
414--0%5 
рбт-1)(рт) 

pun e ————— M Á———————————————Á 
0-0 01 02 0-3 0-4 0-6 0:8 19 
1:0 0:132 0-131 0:131 0:130 0:130 0:128 0:127 0:126 
1:5 0-159 0:158 0:157 0156 0:155 0:153 0:152 0:150 
2:0 0-181 0-180 0:178 0-177 0:176 0:173 0171 0:169 
25 0-200 0:198 0:197 0:195 0:194 0:190 0-187 0:185 
3:0 0:217 0:215 0:213 0:211 0:209 0-205 0-202 0:198 
3:5 0232 0:230 0:227 0:225 0:223 0:218 0:214 0:210 
40 0-246 0-243 0:240 0-238 0235 0:230 0:225 0221 
45 0-258 0-255 0-252 0:249 0:246 0-241 0:235 0:230 
50 0:270 0:267 0263 0-260 0:257 0-251 0-245 0:239 
5:5 0:281 0:277 0:274 0:270 0:267 0:260 0:253 0247 
6:0 0-292 0:287 0:284 0:230 0:276 0-268 0.261 0:255 
6:5 0:301 0-297 0-293 0-288 0-284 0-276 0.269 0-262 
70 0-311 0-306 0-301 0:297 0-292 0-284 0.276 0-268 
7:5 0-319 0:314 0-309 0305 0:300 0:291 0.282 0-274 
8-0 0°328 0-323 0°317 0-312 0°307 0-298 0.289 0-280 
8:5 0-336 0-330 0:325 0319 0:314 0:304 0-294 0-285 
9-0 0: 0:338 0:332 0-326 0:321 0:310 0-300 0-291 
9-5 0-351 0:345 0:339 0:333 0-327 0:316 0-305 0-295 
100 0-358 0:352 0-345 0-339 0:333 0321 0-310 0-300 
10-5 0-365 0-358 0:351 0:345 0-339 0-326 0-315 0:304 

11:0 0-372 0-365 0:358 0:351 0:344 0:332 0:320 0 
1r5 0-378 0-371 0-363 0:356 0-349 0-336 0-324 0:313 
120 0-384 0-377 0-369 0362 0:355 0:341 0-328 0:316 
12:5 0-390 0-382 0:374 0:367 0:359 5 0-332 0:320 
13:0 0-396 0-388 0:380 0:372 0:364 0:350 0:336 0-324 
13:5 0-402 0-393 0:385 0377 0-369 0:354 0-340 0:327 
140 0-407 0-398 0:390 0:381 0:373 0-358 0:344 0-330 
14:5 0-413 0-403 0:394 0:386 0-378 0362 0:347 0-333 
15:0 0:418 0-408 0:399 0-390 0-382 0-365 0-350 0:336 
15:5 0:423 0:413 0-404 0:395 0:386 0:369 0-354 0-339 
160 0-428 0-418 0:408 0:399 0:390 0:373 0:357 0-342 
170 0:437 0-427 0-416 0407 0-397 0-379 0-363 0°347 
18-0 0:446 0-435 0:425 0:414 0:404 0-386 0-368 0:352 
19-0 0-455 0:443 0:432 0-421 0:411 0-392 0:374 0:357 
0-463 0:451 0:439 0:428 09417 0-397 0-379 0:362 
21:0 0:471 0:459 0-446 0:435 0-424 0-403 0-383 0-366 
220 0-479 0-466 0:453 0-441 0-429 0:408 0-388 0:370 
23-0 0-486 0:472 0459 0-447 0-435 0:413 0:392 0:373 
24-0 0-493 0-479 0:465 0:453 0-440 2-417 0:396 0:377 
25-0 0-500 0-485 0471 0:458 0:445 09422 0-400 0-380 
26:0 0-507 0-491 0:477 0:463 0:450 0-426 0:404 0-384 
27-0 0-513 0-497 0:482 0-468 0-455 0-430 0:407 0:387 
28-0 0-519 0:503 0:488 0473 0:459 0:434 0-411 0-390 
29-0 0-525 0-508 0:493 0-478 0:464 0-437 0:414 0-392 
30-0 0-531 0:514 0:498 0:482 0:468 0-441 0-417 0°395 


DEFLECTION CALCULATION 225 
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TABLE 92 DEPTH OF NEUTRAL AXIS — VALUES OF х/а 
BY ELASTIC THEORY 


Be(m — 1) (pum) 


03 


0-131 
0-157 


4]4=0'10 

0-4 0-6 0-8 1:0 
0-131 0:130 0:130 0:130 
0:157 0-156 0-155 0-154 
0-178 0:176 0-175 0:174 
0:196 0:194 0:192 0:190 
0211 0-209 0-206 0-204 
0-225 0-222 0-219 0-216 
0:238 0:234 0231 0:227 
0:249 0:245 0-241 0:237 
0-260 0:255 0251 0-246 
0-270 0-265 0-260 0:255 
0:279 0-273 0-268 0-263 
0-288 0-282 0-276 0-270 
0-296 0-289 0-283 0:277 
0-304 0:296 0-290 0-283 
0311 0:303 0-296 0-289 
0:318 0:310 0-302 0:295 
0:325 0316 0:308 0-300 
0331 0-322 0:313 0-305 
0:337 0:327 0-318 0:310 
0343 0:333 0:323 0:314 
0-349 0-338 0:328 0:319 
0:354 0343 0333 0:323 
0:359 0-348 0:337 0-327 
0:364 0-352 0:341 0:331 
0-369 0:357 0-345 0:335 
0:374 0:361 0-349 0.338 
0:378 0-365 0:353 0.342 
0-382 0:369 0:357 0.345 
0:387 0:373 0:360 0.348 
0:391 0-377 0-363 0.351 
0:395 0:380 0:367 0:354 
0-403 0-387 0:373 0:360 
0:410 0-394 0-379 0-365 
0:417 0-400 0:384 0:370 
0:423 0-406 0:389 0-375 
0-429 0.411 0-394 0:379 
0-435 0.416 0:399 0:383 
0:441 0.421 0-403 0:387 
0-446 0.426 0-408 0:391 
0-452 0.431 0-412 0-394 
0:457 0:435 0:416 0-398 
0-461 0:439 0-419 0-401 
0:466 0-443 0-423 0-404 
0-470 0-447 0-426 0:407 
0:475 0:451 0-429 0:410 


DESIGN AIDS FOR REINFORCED CONCRETE 


ТАВГЕ 93 


т 
Pi 0-0 0-1 
10 0:132 0-132 
1:5 0:159 0-159 
2:0 0181 0:181 
25 0-200 0,199 
3-0 0:217 0:216 
35 0.232. 0:231 
40 0.246 0:244 
45 0:258 0-257 
5-0 0-270 0-268 
5-5 0:281 0:279 
6:0 0:292 0-289 
6-5 0-301 0-299 
70 0311 0-308 
75 0:319 0:316 
80 0-328 0-324 
8-5 0:336 0:332 
9-0 0:344 0-340 
9-5 0:351 0:347 
10-0 0:358 0:354 
10-5. 0-365 0-360 
119 0:372 0:367 
11:5 0:378 0:373 
120 0:384 0:379 
12:5 0-390 0:385 
13-0 0-396 0-390 
13°5 0-402 0-396 
14-0 0:407 0:401 
14:5 0:413 0:406 
15-0 0°418 0411 
15:5 0:423 0:416 
16-0 0:428 0:420 
17-0 0:437 0-429 
18-0 0-446 0-438 
19-0 0:455 0-446 
200 0:463 0-454 
21:0 0-471 0-462 
220 0-479 0-469 
23-0 0-486 0°476 
240 0-493 0:482 
25-0 0-500 0-489 
260 0:507 0:495 
270 0:513 0:501 
28-0 0:519 0:506 
29-0 0-525 0:512 
30-0 0-531 0:517 


DEPTH OF NEUTRAL AXIS — VALUES OF x/d 
BY ELASTIC THEORY 


pe(m—1)/(pym) 
= A 
0:3 04 

0:132 0:132 
0:159 0:159 
0-180 0-180 
0:198 0:198 
0:214 0:214 
0:229 0:228 
0:242 0:241 
0:254 0:252 
0-265 0:263 
0:275 0:273 
0:285 0:282 
0-294 0:291 
0:302 0-299 
0°310 0:307 
0:318 0:315 
0:325 0:322 
0:332 0-329 
0339 0:335 
0:345 0:341 
0:351 0:347 
0:357 0:353 
0-363 0-358 
0-369 0:364 
0:374 0:369 
0:379 0:374 
0:384 0:378 
0-389 0:383 
0-393 0:387 
0:398 0:392 
0:402 0:396 
0:407 0:400 
0:415 0:408 
0-422 0:415 
0:430 0:422 
0:437 0:429 
0:444 0:435 
0:450 0-441 
0:456 0:447 
0:462 0:452 
0:468 0:458 
0:473 0:463 
0:478 0:468 
0-483 0:472 
0:488 0477 
0:493 0:481 


d'|d —0 
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TABLE 94 DEPTH OF NEUTRAL AXIS — VALUES OF x/d 
BY ELASTIC THEORY 


414-0-20 


рсот—1)/(р‹т) 


0.3 


0.4 0.6 0.8 1.0 
0:134 0:135 0:135 0:136 
0:160 0.161 0:161 0:162 
0:182 0.182 0:182 0:183 
0:200 0.200 0-200 0-200 
0:216 0.216 0:215 0:215 
0:230 0:230 0:229 0:228 
0-243 0:242 0:241 0-240 
0:255 0-254 0:252 0:251 
0:266 0-264 0262 0-261 
0:276 0:274 0:272 0:270 
0:286 0:283 0-280 0:278 
0:295 0:291 0:289 0-286 
0:303 0:300 0-296 0:293 
0:311 0:307 0-303 300 
0:319 0:314 0:310 306 
0:326 0:321 0:317 0:313 
0:333 0-328 0-323 0:318 
0:339 0:334 0-329 0-324 
0:345 0:340 0:334 0:329 
0:351 0:345 0:340 0:334 
0:357 0-351 0:345 0-339 
0:363 0:356 0-349 0:343 
0:368 0:361 0:354 0-348 
0:373 0:366 0:359 0:352 
0-378 0:370 0:363 0:356 
0:383 0:375 0:367 0:360 
0:388 0-379 0:371 0:364 
0:392 0:383 0:375 0:367 
0:397 0:387 0:379 0:371 
0:401 0:391 0-382 0:374 
0:405 0:395 0-386 0:377 
0:413 0:402 0:393 0 384 
0:421 0:409 0:399 0:389 
0:428 0°416 0:405 0:395 
0:434 0-422 0:410 0-400 
0:441 0:428 0:416 0:405 
0:447 0:433 0:421 0:409 
0:453 0:439 0:426 0:414 
0-459 0:444 0:430 0:418 
0:464 0:449 0:435 0-422 
0:469 0:453 0:439 0:426 
0:474 0:458 0-443 0-429 
0:479 0:462 0:447 0:433 
0:484 0:466 0-450 0-436 
0:488 0:470 0:454 0:439 


228 


DESIGN AIDS FOR REINFORCED CONCRETE 


TABLE 95 AREAS OF GIVEN NUMBERS OF BARS IN cm? 


NuMBER 
OF BARS 6 8 10 
0:28 0:50 0:79 
0:56 1:00 1°57 
0:84 1-50 2°35 
1°13 2:01 3:14 
1:41 2:51 3:92 
1:69 3:01 471 
1:97 3°51 5°49 
2°26 4:02 6:28 
2°54 4°52 7-06 
2°82 5:02 7:85 
341 5:52 8:63 
3:39 6:03 9:42 
3:67 653 1021 
3:95 703 10°99 
424 T54 11:78 
4°52 804 12°56 
4:80 8.54 13:35 
5:08 904 1413 
5:37 9:55 1492 
2865 1005 15°70 


DEFLECTION CALCULATION 


QOO QO D 
- з А 
че За язы 


11:31 


жу. зо 


588 SBS 


sas 


25 28 32 36 ` 
491 616 804 1018 

981 1231 1608 2035 
14-72 1847 2412 305 
19-63 2463 3217 40771 
2454 3078 4021 5089 
2945 3694 4825 61-07 
34:36 4310 5629 7125 
3927 4926 64:34 8143 
4417 5541 7238 91-60 
4908 61:57 8042 101-78 
5399 6773 8846 11196 
5890 7389 96:51 12214 
6381 8004 10455 132-32 
6872 8620 11259 14250 
7363 9226 12063 152-68 
7854 9852 12868 16286 
8344 10467 13672 11303 
88:35 11083 14476 18321 
9326 11699 15280 19139 
9817 123-15 16085 203.57 

229 


TABLE 96 AREAS OF BARS AT GIVEN SPACINGS 


Values in cm2 per Meter Width 


SPACING DAR DIGNI пыш... 

тате а азва | 
ст 6 8 10 12 14 16 18 20 22 25 28 32 

5 565 1005 1571 2262 3079 4021 5089 62:83 7603 9817 12315 160-85 
6 4:71 838 1309 1885 2566 3351 4241 5236 6336 81:81 10268 3404 
7 4:04 718 122 1616 2199 2872 3635 4488 5430 7012 87°96 1489 
8 3:53 6:28 982 1414 1924 2513 31:81 3927 4752 61:36 769 10053 
9 3:14 5:58 8:73 1257 1710 2234 2827 3491 4224 5454 6842 8936 
10 2:83 5:03 785 1131 1539 201 2545 31°42 3801 4909 61:57 8042 
11 2:57 4:57 714 1028 1399 1828 2313 2856 3456 4462 5598 7311 
12 2:36 4-19 6:54 942 12:83 1675 2121 2618 3168 4091 5131 6702 
13 217 3:87 6:04 870 1184 1547 1957 2417 29:24 3776 4737 61:86 
14 2:02 3:59 5-61 808 1100 14:36 1818 2244 2715 3506 43°98 5745 
15 1:88 335 5:24 7:54 1026 1340 1696 2094 2534 3272 4105 5362 
16 1°77 3:14 4:91 7:07 962 1257 1590 19:63 2376 30°68 3848 5027 
17 1°66 2:96 4°62 6:65 905 11:83 1497 1848 2236 28:87 3622 47°31 
18 1:57 2:79 4:36 6:28 8:55 1117 1444 1745 2112 2727 2421 4468 
19 1:49 2-65 413 5-95 810 10°58 1339 1653 2001 25:84 32-41 4233 
20 141 2:51 3:93 5-65 770 1005 1272 1571 1901 2454 3079 4021 
21 1:35 2:39 3:74 5:39 7:33 957 1212 1496 1810 2337 29:32 3830 
22 1:28 2:28 3:57 5-14 7-00 9-14 11:57 4:28 1728 22:31 2799 3656 
23 123 2:18 3:41 4:92 6:69 874 1106 1366 1653 2134 267 34:97 
24 1:18 2:09 327 471 6:41 828 1060 1309 1584 2054 2566 33:51 
25 1:13 2:01 3-14 4:52 6:16 804 1018 1257 1520 1963 2463 32:17 
26 1°09 1:93 3:02, 4:35 5-92 7:73 979 1208 1462 1888 2268 30:93 
27 1:05 1:86 2:91 4:19 5-70 7-45 9-42 11°64 1408 1818 2281 29-79 
28 1:01 1:79 2:80 4:04 5-50 718 9-09 1122 1358 1753 2199 2876 
29 0:97 1:73 2:71 3:90 5:31 6:93 877 1083 1311 1693 2123 2773 
30 0°94 1°68 2:62 3°77 5:13 6:70 848 1047 1267 1636 2052 2681 
32 0:88 1:57 2:45 3-53 4:81 6:28 7:95 9:82 1188 15°34 1924 25:13 
34 0:83 1:48 2:31 3:33 4:53 5-91 7:48 924 11-18 1444 1811 23:65 
36 0:78 1-40 2:18 3:14 4:28 5:58 7:07 873 1056 1363 1710 2234 
38 0:74 1:32 2:07 2:98 4-05 5-29 6:70 827 1000 1292 1620 2116 
40 071 1:26 1:96 2:83 3:85 5-03 6:36 T85 950 1227 1539 2011 
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Table 97 FIXED END MOMENTS FOR PRISMATIC BEAMS 
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Note:- w is the load per unit length 


DEFLECTION CALCULATION 
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Table 98 DEFLECTION FORMULAE FOR PRISMATIC BEAMS 
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Note:- W is total distributed load 


| 
Е 


232 DESIGN AIDS FOR REINEORCED CONCRETE 


